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Not only will the soundness of 

the weld be shown, but the location 
and nature of any hidden defect, 
such as Porosity, Gas Cavities, Slag 
Inclusions, Lack of Fusion, 
Incomplete Penetration, Cracks and 


Undercutting too. Andrex X-Ray 


there are 


and lightweight, and easy to ANDREX PORTABLE X-RAY UNITS 


operate in field or plant 200 & 260 kVp 


examination of welds, castings, 


units are powerful and reliable, rugged 


The 200 kVp Tube Unit weighs only 176 lbs., and penetrates 
assemblies of metals, 2}” steel. 
The 262 kVp Tube Unit weighs only 251 Ibs., and penetrates 
4” steel. 
The 200 kVp, 260 kVp, Portable Both Units use the same control unit, and can be operated 
from any available power supply. 


alloys, plastics and other materials. 
Andrex 130, 130 Automatic, and 160 kVp 


X-Ray Units are manufactured by 


Holger Andreasen. 


HOLGER ANDREASEN, Islands Brygge 41, Copenhagen S., Denmark SX AN DREX > 
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Tube plate for a Heat Exchanger, in- 
corporating 5,518 tubes jin. dia., and 
involving 1,078 footage of welding. 


G. A. HARVEY & CO.(LONDON) LTD 
Woolwich Road... London, S.E.7 
Telephone: GREenwich 3232 (22 lines) 
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Welded bh Expansion of production potential 
Vv , co-ordinated with the introduction of 
advanced welding techniques enables us to 


, produce large and small vessels of 
intricate design in all weldable metals. 
Welded fabrications to the requirements of 


Lloyd's Class | (fusion-welded pressure 


vessels), A.P.I., A.S.M.E. and A.O.T.C. 
O F R O T H E R H A M codes and similar specifications. 


ROBERT JENKINS & CO. LTD. ROTHERHAM 


Telephone: 4201-6 (6 lines) 
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Quasi-Arc A.C. Welders 


* 








4) ACM 350/6 







!. 87-450 amps, 80 and 100 volts, single 
operator oil-cooled portable set. 

2. 20-300 amps, 80 and 100 volts, double 
operator oil-cooled portable set. 

3. 20-300 amps, 80 and 100 volts, single 
operator oil-cooled portable set. 

4. 6 operator, 96 kVA, 90 volt multiple-arc 
welding transformer with RM.350 oil- 
cooled regulators giving 40-350 amps per 
Operator. 

5. The ACP.300 with built-in power factor 
correction capacitor. 

6. 20-200 amps, 60 and 90 volts, single 
operator air-cooled lightweight set. 


5) ACP 300C 


All sets are built in accordance with B.S. 6 38: 
1954 


Quasi-Arc Fusarc Fusanc/C0,- Unionmelt Sigma Helianc 


QUASI-ARC 


QUASI-ARC LIMITED, BILSTON, STAFFORDSHIRE 
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concern... 


“Have you thought of silver brazing?” available to the designer, low tempera- 


How often have such words provided ture silver brazing has unique advan- 
the solution to a tricky assembly problem. tages. In simplicity, in speed, strength 
For among all the metal-jointing methods and neatness it has no equal. 


A series of technical data sheets describing the wy; N 
properties and applications of JMC Low Johnson Uy Matthey 
Temperature Silver Brazing alloys N 

is available on request. LOW TEMPERATURE SILVER BRAZING ALLOYS 


JOHNSON, MATTHEY & CO. LIMITED, HATTON GARDEN, LONDON, €E.C.1I. 


Telephone: Holborn 6989 
Vittoria Street, Birmingham, 1. Telephone: Central 8004 75/79 Eyre Street, Sheffield, 1. Telephone: 29212 
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WELDING 


The 75 ft.-long by 10 ft.-diameter pressure vessel shown above during instal- 
lation at the Patchway Works of Bristol Aero-Engines Limited, is part of a 
special test cell nearly 90 ft. long fabricated by Babcock & Wiicox Ltd. in 
molybdenum steel, by the BABCOCK fusion-welding process. 

Designed for the testing of ramjet and turbojet engines, this impressive test 
plant will reproduce simultaneously the conditions of high air speed and low 
atmospheric pressures associated with high-altitude and supersonic flight. 

So, BABCOCK fusion-welding, with its fine reputation in the construc- 
tion of many hundreds of pressure vessels for oil refineries, chemical plants 
and nuclear power stations, has entered the aircraft industry. 

What better example of its versatility—in providing for any 
industry, pressure vessels up to the largest sizes and highest 
specifications, backed by unrivalled design, research and manu- 
facturing facilities, and 25 years of fusion-welding experience. 


BABCOCK « WILCOX LTD. 


BABCOCK HOUSE, 209 EUSTON ROAD, LONDON, N.W.1. 
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REGULATOR move 








B.1.G. Regulators are precision built instrufenps* 
which can be used with confidence where agpiitrate 
and reliable pressure control is essential. “These 
hand-built Regulators will ensure constant flow of 
required volume through the full range of outlet 
pressures, irrespective of pressure drop in cylinder 
or pipeline and are available for use with most com- 
pressed gases. 

.-. maintaining B.I.G. excellence 


ritish Industrial Gases Limited 
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€S2! mOQuiny 


Sales and Technical Assistance available in most areas 








WELDING OF NON-FERROUS METALS 


TECHNICAL 








NOTES: NO. I 


Welding Aluminium Bronzes 


Aluminium bronzes, highly resistant to a wide 
range of corrosive media, are of special interest 
to chemical and oil engineers. Their use was, 
however, restricted until recently because of 
porosity and fluxing problems associated with 
the fusion welding processes then available. 


The advent of inert-gas arc welding processes 


radically altered the position, and nowadays 











excellent welds can be made in aluminium 


bronzes of many compositions. 


Imperial Chemical Industries Limited, Metals Division 
produces large tonnages of non-ferrous metals and alloys for 
brazed and welded assemblies, and a wide range of rods and 
wires for brazing and welding. 

The Company’s Research Department has for many years 
carried out development work on the jointing of metals. The 
experience gained is freely available to all interested in this 


subject 


Macrograph illustrating 
quality of weld on 

1” L.C.1. 93/7 aluminium 
bronze plate, using 

the inert-gas metal arc 
process and I.C.I. 
electrode wire. 





Water channel in Aluminium Bronze Alloy D, fabricated and welded by Foster Wheeler Lid 


IMPERIAL CHEMICAL INDUSTRIES 


IMITED, 


LONDON, S.W.I1 


METALS 
DIVISION 





MO 
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BTH ELECTRONICS DATA SHEET 
Subject IGNITRONS — RATINGS 















Welder types 
Maximum Demand* Maximum average* Temperature 
Types (kVA) anode current control 
(Amps.) 
BK 22 450 15 - 
BK 24 1200 140 -- 
BK 24A 1200 140 Integral 
BK 24B 1200 140 Clamp on 
BK 34 2400 355 
BK 34A 2400 355 Integral 
BK 34B 2400 355 Clamp on 
BK 42 600 56 a 
BK 42A 600 56 Integral 
BK 42B 600 56 Clamp on 
BK 66 300 22-4 me 























* Ratings are for welder control service and refer to two valves in 
inverse parallel at any voltage from 250-600v. r.m.s. 


: Rectifier types 
British Thomson-Houston manufac- 








widest range of ignitrons in , : Maximum average current 
— ~~ : - yreover all Type pore Page at peak voltage 
the United Kingdom—m¢ $ (Amps.) 
BTH ignitrons are interchangeable ae a . - 
with the corresponding American BK 46 > 150 
types. Whatever the job, from the BK 56 + 20-1 150 











BTH lists you can select the right valve. : , 
t Tentative ratings. 









Write for Leaflet 5851-8 


BRITISH THOMSON-HOUSTON 


LIMITED - LINCOLN + ENGLAND 


THE BRITISH THOMSON-HOUSTON COMPANY igure 


an A.E.I. Company 


FEBRUARY, 1958 











Our illustration 


shows the Bison in 


action at the works 
of Messrs. Sale, 
Tilney & Company Ltd., 
Wokingham, Berks. 


The Bison Profile Cutting Machine combines 
versatility with a high degree of accuracy. It can 
carry up to three cutting heads and is available 
in two main cutting widths whilst the longi- 
tudinal cut can be extended by adding extra 
sections of track. 
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Interchangeable tracing heads enable work to 
be carried out from wood or steel templates or 
drawings, making it suitable for repetition work 
or the one-off job. 

Whether using acetylene, propane or coal gas, 
precise regulation of the cutting speed ensures 


FOR PRECISION PROFILE GUTTING 


the highest degree of accuracy and eliminates 
further preparation prior to welding. 

The Bison is giving perfect results on a wide 
variety of work in industry. For further infor- 
mation please contact your nearest British 
Oxygen Sales Office. 





=F 59 YDS)? - Sf >. @ 4c? I 


British Oxygen Gases Ltd., Industrial Division Spencer House, 27 St James's Place London S.W.1. 
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It’s certainly 
worth 
looking at! 


rust a cat to know a good thing when he sees it! 
And you can trust a welder to appreciate the value 
of “SIF-TIPS” — Britain’s leading welding quart- 
erly. It gives you all the latest news on Sif bronze 
welding rods and processes and answers the kind 
of problems you're meeting every day 


WHY NOT WRITE FOR A COPY NOW? 





THE EDITOR, “‘SIF-TIPS 
SUFFOLK IRON FOUNDRY (1920) LTD., STOWMARKE 
Please send regularl 


NAME 








Lloyds Class 1 Fusion Welding—Robey 
welding—is exhaustively tested at every stage— 
in the laboratory, by X-ray, by rigid stage- 
by-stage inspection, by hydraulic and other 
methods. The keynote is safety, but this is just 


one aspect of our welded work. Delivery- LINCOLN 





on-time is another. Competitive pricing a 
third. And, not least, exact fulfilment of 


specifications. 


Things like this are taken for granted at 
Robey's—but they make a lot of 


difference for our many customers. 











Robey & Co. Ltd. Lincoln London office: 11 Princes Street, Hanover Sq., London, W.I 
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LOOK! 
This is the accuracy 
you get with 
HANCOCK 
oxygen cutting 
machines 














| mere effective than any 
curacy of Hancock 
orking to precision 
Pana-profiling machines are 

but a “‘Hancomatic”’ 
beaigs electric motor rotor 
bf the rotor stampings. 
ig—they have been the 


ars. Descriptive leaflets 
aM lable on request. 





CUTTING MACHINES 





UndkH 2” co. (Engineers) LTD. 


Progress Way, Croydon, England. Telephone: Croydon 1908 (3 lines) 
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STEEL 
FABRICATIONS 


THOS. 
MARSHAL 


AND SON LTD. 





Iilustrated above is a Pressure Tank 





THOS. MARSHALL & SON LTD 
WELLINGTON BRIDGE, LEEDS, 12 


— Telephone: 32186 (5 lines) Grams: ‘Cisterns’ Leeds 12 











pANKs 


OF NETHERTON 
LIMITED ; 


ESTABLISHED 
1840 









APPROVED BY THE COMMITTEE OF 
LLOYD'S REGISTER OF SHIPPING 
FOR THE MANUFACTURE OF CLASS 1 
FUSION WELDED PRESSURE VESSELS 





We fabricate TANKS, CHIMNEYS, 


CHEMICAL & DISTILLATION PLANT 
in MILD, STAINLESS & CLAD STEELS 


Our large Fabrication Department is fully equipped with the necessary 
Radiographic and Physical Inspection and Testing facilities for the 
manufacture of all types of Pressure Vessels required to meet the needs 
of thee OIL & CHEMICAL ENGINEERING INDUSTRY 


DANKS OF NETHERTON LTD. Boilermakers & Engineers since 1840 


NETHERTON, DUDLEY, WORCS. Telephone: CRADLEY HEATH 6217 (3 lines). London: BANK CHAMBERS, 329 HIGH HOLBORN, W.C.1 
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The electrodes for 


FASTER WELDING 
are 


_ SPEEDEES 








SPEEDEES welding electrodes have been developed by “ENGLISH ELECTRIC’ specifically 
for easier, faster and more economical welding of mild steel. They produce well-shaped 
fillets with an extremely smooth finish. An iron powder is incorporated in the electrode 
coating, and in practice SPEEDEES have proved to increase production rates by any- 
| thing up to 100°, as compared with conventional electrodes of the same gauge. 





Send for publication WA 132 and literature covering the range of standard 
“ENGLISH ELecTric’ welding electrodes. 


ENGLISH ELECTRIC 


welding electrodes and equipment 









THe ENGLISH ELECTRIC Company LIMITED, MARCON! House, STRAND, LONDON, W.C.2 
Welding Electrodes Division, Clayton-le-Moors, Accrington, Lancs. 
WAE 7c? WORKS: STAPFORD e PRESTON e RUGBY . BRADFORD ° LIvVverRrPoodot " ACCRINGTON 
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Humber’s greatest Hawk 
Fine bodywork welded by Saturn-Hivolt 


Surge Injector Welding Units 












Notable always for the highest standard of 





bodywork, Humber recently announced their 









greatest ‘Hawk’. In this, as in many previous 


» 


) 










models, Saturn-Hivolt Surge Injector Welding equipment and 


Saturn Argon are used for many of the important welding operations. 
{F 


An 


Saturn cutting and welding equipment has, for many years, played a big part 


in industry. The new Saturn-Hivolt Argon Arc Welding Machines offer 





the finest welding of aluminium and its alloys and stainless steel. 


Let us show you the complete range supplied ae 


and maintained from our many branches 






throughout the country. 





Saturn Works, Gordon Road, Southall, Middlesex Phone: Southall 5611 


BRANCHES: 
GLASGOW BIRMINGHAM MANCHESTER SHEFFIELD 


THORNABY-ON-TEES 


LYMINGTON SUNDERLAND 
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* The Lincoln-Jackson 
A.W. Electrode Holder will 
handle a }’ electrode, 
and operates up to and 
including 300 amp. 


~ 
‘ 


rc ine Se 


* A-W Holder 
weight 140z. 


Fa RON BO ed 


The NEW Lincoln-Jackson 
Fully Insulated Electrode Holders 


Acclaimed in the U.S.A. as their leading electrode 
holders, the new Lincoln-Jackson holders A-W and ine 
wr Sh Ve oe eee hae ae « “ 


JH-2, are now being manufactured in the United 


Kingdom by Lincoln Electric Co. Ltd., the largest 


5. a 


manufacturers of D.C. Welding Equipment in the 


United Kingdom. 
Careful and clever design of the long handle has resulted 
in greater ventilation, which enables the welding operator to 
complete all the extra ‘hot jobs’ without discomfort. 
The fully insulated, replaceable crown jaws of the Lincoln- 


Jackson holders ensure greater heat resistance and durability. 


Bie beg ORT Ek 


The jaws are made of 98°, copper alloy, which is treated for 
greater hardness and conductivity. }-H.2 holder 
weight 94 oz. 


> ee 


The insulation of both these excellent electrode holders 


* BREN PAS Rais. bea alin. ON UP 


ote, 
- 


gives full protection from accidental arcing to the welding 


fs 
of 


+ 


operative and his work throughout the entire operation. 
The Lincoln-Jackson holders are trouble-free and provide 


* The Lincoln-Jackson 


consistent service to the user, whilst fully interchangeable J.H.2 Electrode Holder will 
replacement spares at a moderate cost are easily obtainable handle a #5" electrode, 
and simple to fit and operates up to and 


including 200 amp. 
For a reliable performance and superlative efficiency, the . ? 


new Lincoln-Jackson Electrode Holders A-W and JH-2 are 
undoubtedly the best available in the United Kingdom. 


LINCOLN ELECTRIC CO LTD - WELWYN GARDEN CITY - HERTS - WELWYN GARDEN 920 (5 lines) 4581 (5 lines) 
u2 
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Approaching 
fully automated welding 


300 SUB-ASSEMBLIES PER HOUR 


Progress towards full automation in the motor industry 1s taken 
an important stage further by this latest advance in multi-head welding. 





l 


This table top machine at Briggs Motor Bodies Limited, Dagenham, making 24 
simultaneous spot welds on a luggage boot door permits an entirely automatic sequence 
and can complete up to 300 sub-assemblies per hour for the new Ford ‘‘ Graces” 


METROPOLITAN -VICKERS 





An A.E.1. Company 


METROVICK Equipment for More Efficient Welding 
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FURTHER DEVELOPMENT 


This year the International Institute of Welding 
will mark its tenth anniversary by publishing a 
booklet describing its growth and work since the 
foundation meeting at Brussels in 1948. This 
record will reflect the rapid expansion of welding 
throughout the industrial world, and it should 
also help the I.1.W. to plan for the further de- 
velopment that certainly lies ahead. 

By a coincidence, the two British welding 
organizations have recently finished a similar 
stock-taking. 

In a research organization, the processes of 
review and readjustment are more or less con- 
tinuous, but the B.W.R.A. is now putting into 
effect a more comprehensive scheme of re- 
organization. As Dr. Weck explains on another 
page* there is always a risk, which must be 
recognized to be avoided, that research directed 
by committees may suffer from a lack of initiative 
and inspiration; the committee organization must 
be flexible and capable of quickly absorbing new 
men and new ideas if it is to play its part effec- 
tively as a link between industry and the research 
worker. Under the new scheme, the research 
committees will be set up with strictly defined 
terms of reference and initially for a limited 
period of three years, after which their work will 
be reviewed; thus, only work that is productive of 
really important results will be continued. Fur- 
ther, the committees will report direct to the 
Research Board, and not through the Main Com- 
mittees as in the past, so that the resuits of their 
work will reach member companies more quickly. 
At the same time, the grouping of the research 
committees has been reviewed; in several cases 
committees are to be amalgamated, and others 
are to be disbanded. All this should help to 
provide an organizational structure fitted to make 


the best possible use of the Association’s research 
work. 

For the Institute of Welding, the decade 1946- 
56 had well-marked limits: it began with the 
separation of the Research Association and it 
ended with the move from Buckingham Palace 
Gardens. The Council’s proposals for reorganiza- 
tion, which are to be put to an Extraordinary 
General Meeting this month, are the outcome of 
a long and critical survey of the working of the 
Institute since 1946, and their most striking fea- 
ture is surely the absence of any important 
novelties. A young institute, serving a young and 
vigorous industry, tends to display the restless- 
ness of youth, questioning all things, not easily 
satisfied, so it speaks well for the Institute’s 
policy-makers of 1946 that their successors find 
so little need for fundamental change. 

Yet there are interesting and important shifts 
of emphasis, more easily detected in the “Outline 
of Policy” which is printed in this issue than in 
the proposed constitutional amendments. There 
are, for example, the references to the Institute’s 
concern with the processes allied to welding; 
there is the stress on intimate co-operation with 
the B.W.R.A.; the School of Welding Technology 
appears for the first time, a major enterprise; and, 
if the clause dealing with membership policy 
expresses the long-accepted aim of combining a 
rising standard of technical qualifications for 
corporate membership, with a welcome for those 
who seek only the facilities of an open society, it 
is significant that “experience and standing in 
industry” are mentioned as technical qualifi- 
cations to which due weight will be given. 

Here at home, as in international welding 
circles, a review of the past has helped to clarify 
the policy for the future. 





* An explanation by Dr. Weck of the reorganization of the B.W.R.A., and the Institute’s “Outline of Policy”, are printed in the 


**News””’ section. 
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Welding Standardization 


SYNOPSIS 
[ue increasing use of welding has made it necessary to adopt 
standards for the various practices « ymnected with it, in order 
to give some guarantee of satisfactory welding. This paper 
describes the development of welding standards in the United 
Kingdom, and the various stages involved in their drafting. 
Standards are listed under the headings of general, processes, 
apy lications equipment, mat rials, testing and inspection, The 
zutl lers that standards for the classification of elec trodes, 
i eparation, and approval tests for welders should be 
rdinated within the Commonwealth, and discusses each of 

ics it me detail 
Introduction 


be used in industry. Gas welding started about 

1910, electric arc welding around 1911-1912. 
Industry invariably receives new processes with a cer- 
tain amount of suspicion, and their application is 
subject to the utmost caution. The innovation of 
welding was no exception to this rule, and in the early 
days industry was slow to adopt the various processes. 
At first the results were far from reliable; indeed, they 
were somewhat crude by present-day standards. 

However, in the 1920’s and early 1930’s the use of 
welding developed until it became sufficiently reliable 
to make it suitable for use in the construction of low- 
and medium-pressure vessels. The increase of its use 
in the United Kingdom in this period made it obvious 
that some form of control should be exercised on the 
various practices, thus giving some guarantee of satis- 


| r is now more than 40 years since welding began to 





Slightly amended version of the paper presented to the Technical 
Session “Steel” at the Commonwealth Standards Conference, 
held at Dethi from 21st Jan. to 3rd Feb., 1957. References to 
standards which were in preparation when the paper was 
presented, and which have since been published, have been 
brought up to date. 

The author is Managing Director of Robert Jenkins and Co., 
Ltd., Rotherham. 
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factory welding. At this stage of development there was 
a considerable divergence of opinion as to the terms 
which should be employed in naming the various 
features of welding techniques and processes. The 
British Standards Institution, therefore, produced a 
comparatively small glossary of welding and cutting 
terms in 1933. This has since been revised twice, and is 
now considered to be the authoritative glossary for use 
throughout the United Kingdom. 

At this time welding was in general applied only to 
mild steel, and in 1934 and 1936, respectively, BS.538, 
“*Metal-arc welding in mild steel as applied to general 
building construction”, and BS.693, ‘“‘Oxy-acetylene 
welding in mild steel”’, were published. These covered 
the common practices in the two processes. With the 
increased use of metal-arc welding, it became clear 
that the types of plant used were not always suitable, 
and therefore at the end of 1935, BS.638, “‘Arc welding 
plant and equipment”, was published. This was 
followed in 1936 by BS.639, which covered the control 
of electrodes for metal-arc weiding. 

With the increased use of resistance welding, Stan- 
dards were produced both for electrodes and the 
processes, and as in the case of metal-arc welding, the 
early Standards were confined to resistance welding in 
mild steel. 

Meanwhile it had become evident that, in addition 
to the laying down of Standards determining the 
quality and technique of work, the welding operation 
itself was subject to the human element, and to the 
particular whims of the factory or industry concerned. 
A Standard was now produced to establish unified 
methods of training—hence BS.1295, “Tests for use in 
the training of welders”. 

The wider acceptance, by both industry and the 
insurance companies, of welding as an economical 
method of joining, and also the greater complexity of 
the work, now necessitated the contrivance of a means 
to assure that the skill and ability of welders employed 
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on such work should be satisfactory. In recent times, 
therefore, BS.2645, Parts | and 2 have been produced. 
These set out more advanced tests to satisfy the 
requirements of the purchaser. 

On the inspection side, particularly with regard to 
fabrications subject to very severe operating condi- 
tions, the use of non-destructive methods of testing 
has become increasingly necessary. In 1955, a Stan- 
dard was published giving general recommendations 
for the radiographic examination of fusion-welded 
joints in steel up to 2 in. thick, and recently a similar 
series of recommendations was published for fusion- 
welded circumferential butt joints in pipes and tubes 
covering many techniques in penetrated thicknesses of 
steel up to 4 in. 

The Standards available in the United Kingdom 
cover the common practices, and embrace most 
aspects of welding, including the welding of higher- 
tensile and alloy steels, and processes and equipment 
applicable to non-ferrous materials. Work has also 
been started on the inert-gas welding process and 
plant. These Standards, ranging from the training of 
welders to the accessories of welding equipment, 
illustrate the comprehensive scope of standardization 
in the welding industry. They encourage development 
by creating confidence, a safeguard which cannot fail 
to be advantageous both to industry and to the nation. 


WORK ON STANDARDIZATION 


It is usual for a Standard to be devised by a com- 
mittee representative of producers, users, professional 
institutions, and government departments. The series 
of British Standards concerned with welding were 
produced in accordance with this procedure. An addi- 
tional great advantage was that much of the prepara- 
tory work was undertaken by the Institute of Welding, 
through its expert committees based upon practical 
experience, and by the British Welding Research 
Association. The work of both the Institute and the 
B.W.R.A. is progressive, and is geared to the needs of 
industry. The progress of their work will be reflected 
from time to time in the revisions of welding Standards 
commensurate with new techniques and metallurgical 
development. 

Before a new or revised Standard can be introduced, 
it is essential, first, to establish that there is a demand 
or need for it, and secondly, to ensure the suitability 
and reliability of the requirements to be incorporated 
in the Standard. Much research, investigation, and 
development work must be done to satisfy the second 
point before the standardizing body can proceed with 
the first draft. In the field of welding, the rapid pro- 
gress in recent years makes this particularly the case; 
this progress has been marked by the tremendous in- 
crease in the use of welding, the introduction of new 
processes and of new materials, and the increasing 
severity of service conditions. These factors are exem- 
plified in the aircraft industry and in shipbuilding; they 
are reflected in the increasing size, temperatures, and 
pressures of steam-raising plant, and the requirements 
for oil refining, chemical, and food industries; and 
most recently, in the fabrication of nuclear energy 
plant. 

An example of the work recently done in Standards 
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is in connection with the problem of brittle fracture of 
ships and other large welded structures, a matter 
which has been under active investigation in Great 
Britain and other countries in recent years. Whilst it 
cannot be claimed that finality has been reached, 
sufficient progress has been made to enable BS.2762, 
*“Notch ductile steel for bridges and general building 
construction”, to be issued, thus meeting an urgent 
demand for steel of superior notch ductility. 

Another Standard, BS.2642, ““General requirements 
for the metal-are welding of medium-tensile weldable 
steel to BS.968", is based on the results of work 
carried out by the B.W.R.A. Tests developed by this 
Association have also been incorporated in British 
Standards for electrodes and for the non-destructive 
methods of examination, particularly in the ultrasonic 
field. 

The Institute of Welding is represented on some 70 
committees of the British Standards Institution; its 
representatives work on a wide field of industry in 
connection with Standards for welding in bridges, 
buildings, pressure vessels, storage tanks, cranes, etc. 
On each committee, the Institute has at least one 
representative who is responsible for ensuring that 
Standards dealing with welding are in line with current 
good practice; these representatives are briefed by the 
Institute’s technical organization. 

The steps in the production of a standard may be 
summed up as follows: 


(a) Suggestion, examination, and acceptance of an 
idea for a new Standard; (4) Preparation of a draft 
Standard, probably involving investigation and 
research: (c) Circulation of the draft Standard to 
industry for comment; (d) Consideration of com- 
ments; and (e) Publication. 


Standards on welding in the United Kingdom can 
be broadly divided into seven main categories, and 
the B.S.I. has organized its work under the following 
headings (see Fig. 1): 

(1) General requirements 

(2) Processes 

(3) Applications 

(4) Equipment 

(5) Materials 

(6) Testing 


(7) Inspection. 


The work within these categories is also concerned 
with the international standardization, through the 
medium of 1.8.0. 


WELDING STANDARDS 
The British Standards referred to below are listed in 
Table I, which also gives the equivalent Common- 
wealth Standards. 


General Requirements 

This group covers those Standards which do not 
fall under any of the other six headings. It includes 
BS.499, “‘Glossary of terms (with symbols) relating to 
the welding and cutting of metals”, and the Inter- 
national work covered by ISO/TC 44/SCI on Welding 
Positions. British Standard 499 is sub-divided into 
eight sections; it deals with terms commonly used for 
the welding and cutting of metals, and illustrates the 
method of applying welding symbols to drawings. 
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Table I 


BRITISH AND COMMONWEALTH STANDARDS CONCERNED WITH WELDING 
(Where no number is given Standards are in preparation) 


wn 
oe) 











British Standards 


No. Subject 


BS.499* | General 


Processes 


| 

| 
BS.1856 Arc 

| 
BS.2642 
BS.693* Gas 
BS.1077* 
BS.1126 
BS.1140 Resistance 
BS.2630 
BS.1723* Brazing 
BS.1724* 

ipplications 

BS.538 Structural 
BS.938* 


Pipework 


BS.2633 Arc 
BS.1821 Gas 
BS.2640 

Equipment 
BS.638* Arc 
BS.1389 Gas 


Commonwealth Standards etc. 





Title 


Glossary of terms (with symbols) 
relating to the welding and cut- 
ting of metals 


General requirements for the metal- 
arc welding of mild steel 


General requirements for metal-arc 
welding of medium tensile weld- 
able structural steels to BS.968, 
type a 

General requirements for inert-gas 
arc welding: Part 1: Tungsten arc 
process 


Oxy-acetylene welding in mild steel 

Welded joints in copper vessels 

Gas welding of wrought aluminium 
aluminium alloys 


Spot welding of light assemblies in 
mild steel 

Projection welding of low alloy steel 
sheet and strip 

Seam welding 

Projection welding of studs, annular 
rings, etc 


Brazing 
Bronze welding 


Metal-are welding in mild steel as 
applied to general building con- 
struction (superseded by BS.1856) 

General requirements for the metal- 
arc welding of weldable structural 
steel tubes 


Class I metal-are welding of steel 
pipelines and pipe assemblies for 
carrying fluids 


Class I oxy-acetylene welding of 
steel pipelines and pipe assemblies 
for carrying fluids 

Class Il oxy-acetylene welding of 
steel pipelines and pipe assemblies 
for carrying fluids 


Arc welding plant and equipment 


Hose connections for welding and 
cutting appliances 





Country of 
Origin 


New Zealand 


South Africa 


Australia 
South Africa 





India 


Australia | 


New Zealand | 


Canada 


Australia 


Australia 


Australia 


Title 


NZSS 126 Pt. 7: Glossary of terms 
in electrical engineering 
SABS 19/9/1—Part 2: Symbols 
Part |: Definitions 
and Nomenclature 
CA.8: Welding Code 
SABS 19/9/1: Proposed code of 
practice for welding Part 3 


BDC 7 (110): Draft Code of Prac- 
tice for use of metal-arc welding 
in general construction in mild 
steel 

SAA Int 352: Manual metallic arc 
welding in building construction 

NZSS 487: Code of practice for 
metal-arc welding of mild steel for 
use in general building construc- 
tion 

CSA W59—Welding of steel struc- 
tures 


CB 14 Part |: Rules for certification 
in boiler welding: Arc welding 
operators 


CB 14 Part 2: Rules for certification 
in boiler welding: Oxy-acetylene 
welding operators 


C.301—Alll insulated electrode 
holders for use in manual metallic 
arc welding 

C.97—a.c. electric arc welding plant 








FEBRUARY, 1958 


* Standards adopted in New Zealand (in some cases with amendments) 
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Table I—continued 
BRITISH AND COMMONWEALTH STANDARDS CONCERNED WITH WELDING 
(Where no number is given Standards are in preparation) 
T 





British Standards | Commonwealth Standards 





a fhe oe 
T 


Title | Country of | Title 
Origin | 


Subject 





—_—_+ 


Resistance Spot welding electrodes Canada W55.1—Resistance welding equip- 
ment 
Rating of resistance welding machines | 
Seam welding wheels 
Electrode holders for spot welding 
machines 
| Platens for projection welding 
machines 
| Materials 
BS.639* Are Covered electrodes for the metal-arc South Africa SABS 455: Mild steel and low alloy 
welding of mild steel steel electrodes for manual weldings 
Canada | W48.1—Mild steel arc welding elec- 
| trodes 
Australia | B28—Electrodes for metal-arc 
welding 


= 
oo 
—) : 
— 


BS.640*+ | Bare rod or wire electrodes for 
metal-arc welding wrought tron 
and mild steel 
BS.782 Electrodes for metal-arc welding in 
the construction of ships 
BS.1616 | Aluminium electrodes for metal-arc 
welding 
BS.2493* 4°., Mo steel electrodes (covered) 
for metal-arc welding 
BS.2549 | Covered electrodes for the metal-arc 
welding of medium-high tensile 
structural steel 
BS.2901 | Filler rods and wiggs for inert-gas 
arc welding 
BS.2926 | Cr-Ni austenitic steel electrodes for Canada | W48.2—Corrosion resisting chromi- 
manual metal-arc welding of alloy | ium and chromium-—nickel steel 
steels | welding electrodes 


BS.1453* Gas Filler rods and wires for gas welding South Africa | SABS 393: Mild steel and low alloy 
steel welding rods 
SABS 392: Copper alloy welding rods 
- » | SABS 391: Copper welding rods 
Australia | B29—Filler rods for oxy-acetylene 
Testing | welding 

BS.2704 Equipment Reference blocks for routine check- 
ing of ultrasonic testing equipment 
| 
| 





employing shear wave probe 


38.1295 Training Tests for use in the training of welders 
BS.2645 Tests for use in the approval of Canada 
welders, Part 1: Manual metal- 
| are and oxy-acetylene welding of 


| W47: Welding qualification code for 
mild steel and low-alloy steel | 

| 

| 

] 


the application to fabricating and 
fabricating forms 





sheets, plates and sections 
BS.2645 Tests for use in the approval of 
welders, Part 2: Manual metal- 
arc and oxy-acetylene welding of 
mild steel and low-alloy steel 
| pipelines and pipe assemblies 
i 


BS.709* Production | Methods of testing fusion welds etc 
| BS.1138 | Test pieces for production control 
of aluminium alloy spot welds 

Tests for light alloy fusion welding 


BS.2600 Inspection General recommendations for the 
radiographic examination of fu- 
sion welded joints in thicknesses 
of steel up to 2 in. 

General recommendations for the 

radiographic examination of fu- 

| sion-welded circumferential butt 
joints in steel pipes. 


BS.2910 








* Standards adopted in New Zealand (in some cases with local amendments). 
+ Standard adopted in Australia. 
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Processes 

This group has been sub-divided into the following 
four sections: 

(a) Arc welding 

(6) Gas welding 

(c) Resistance welding 

(d) Brazing. 

The first section contains two Standards: BS.1856 
and BS.2642, see Table I. Work has also been started 
in connection with inert-gas arc welding of aluminium 
magnesium, and their alloys, and is to be extended to 
cover the welding of stainless steels. 

The section dealing with gas welding is concerned 
with aluminium, copper, and mild steel. A revision of 
BS.1126 has been undertaken, in order to include some 
of the recently developed rods in the alloy steel field. 

The resistance-welding section covers the spot 
welding of light assemblies in mild steel, and also the 
projection welding of light alloys, steel sheet, and 
strip. Work is in progress dealing with seam welding 
and projection welding of studs, annular rings, etc., 
and a revision of BS.1140, “Spot welding of light 
assemblies in mild steel’’, is nearing completion. 

The fourth section contains general Standards for 
brazing and bronze welding. 

Applications 

There are two main sections in this group: 

(a) Structural 

(6) Pipework. 

Structural—In its early days the design of structural 
frames was based on the assumption of simply sup- 
ported or pinned joints; this gave a limited choice of 
frame, and led to a lack of economy in the use of steel. 
The introduction of welding in the U.K. made a 
greater impact on industries other than building, and 
in these other industries the subsequent development 
has been correspondingly greater. To-day, the use of 
welding for building and bridge construction is grow- 
ing, but is largely confined to shop welding, with 
bolted or riveted assembly at the site. Initially, the 
majority of consulting engineers and Local Authorities 
were not conversant with the new process of fabrica- 
tion by welding; furthermore, in the 1930's the steel 
fabricators were not anxious to discard riveting and 
ancillary plant, or to lay aside a well proved works 
practice in order to introduce new plant and methods. 

Nevertheless, a number of structural engineers were 
holding a watching brief on the development of weld- 
ing, and a few welded structures were produced, such 
as the all-welded Billingham highway bridge, near 
Middlesbrough, and the new Murex works at Waltham 
Cross. 

A Symposium on welding was held in London in 
the summer of 1935, structural welding being one of 
the subjects under discussion. There is little doubt that 
the publication in 1934 of BS.538, “‘Metal-are welding 
as applied to steel structures”, and the publication of 
the proceedings of this Symposium, did much to 
diminish the opposition of the professional engineers. 
However, it took the urgent requirements brought 
about by wartime conditions finally to overcome the 
prejudices against the use of welding in structural 
work. One of the outstanding applications was in the 
construction of the Bailey bridge, which consisted of 
panels made up in standard units from rolled sections 
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in high-tensile steel to BS.548. Difficulties in welding 
led to an alternative steel being produced, and BS.968, 
““‘Weldable quality high-tensile steel”, was the result. 

In the United Kingdom since the war, a further 
development in the use of welding in building construc- 
tion is exemplified by the new Abbey Works of the 
Steel Company of Wales. This is the largest all-welded 
works in the world, comprising thousands of tons of 
welded steelwork. Amongst the novel features of this 
structure may be noted the use of welded crane gantry 
girders, over 12 ft deep and with flanges up to 4 in. 
in thickness, which were site welded into continuous 
gantries, the site butt welds being inspected by ultra- 
sonic means specially devised for the purpose. Another 
point of interest is the fact that the price of the welded 
steelwork was lower than the quotation submitted for 
a riveted alternative. 

The application of the plastic theory of the design 
of structures shows great promise of effecting economy 
in the use of steel, and of simplifying the design of 
structures which are indeterminate by the elastic 
method of design. It has already found practical appli- 
cation, the laboratories of the B.W.R.A. having been 
constructed on the basis of this theory, and the result 
shows a very considerable saving in cost and weight. 

Pipework—British Standard 938 applied to struc- 
tural work involving steel tubes. Insofar as pipework 
is concerned, it has recently been realized that lack of 
uniformity in welds employed for the joints in pipes 
and pipe assemblies can result in variation in practice 
with regard to weld preparation, welding and heat- 
treatment procedures, the training and testing of 
welders, and the inspection and testing of production 
welds. The major firms of the United Kingdom have 
established a uniform method of approach. As a 
consequence, two new Standards have been issued 
covering “Class I Metal-arc welding of steel pipelines” 
(BS.2633), and “Class Il Oxy-acetylene welding of 
pipelines” (BS.2640). Further, BS.1821, “Class 1 
oxy-acetylene welding of pipelines”, has been revised, 
to bring this Standard in line with current practice; 
the establishment of a Standard for Class II metal-are 
welding of pipelines, to cater for the requirements of 
the heating and ventilating industry, and certain 
aspects concerned with oil pipelines, is under con- 
sideration. 

Equipment 

Work has been done under the headings: 

(a) Arc Welding 

(6) Gas Welding 

(c) Resistance Welding. 

The are welding section consists mainly of BS.638 
which covers rotary d.c. welding plant, multiple arc 
transformer plant for heavy constructional work, 
flexible cables, electrode holders, and similar acces- 
sories. 

Gas welding equipment comes under BS.1389, 
“Hose connections for welding and cutting appli- 
ances’’. Shortly, the I.S.O. will be in action on their 
new sub-committee TC 44/SC8 “Gas welding equip- 
ment”’. 

The activities of the resistance welding group have 
recently been revived. In 1955, it published BS.807, 
“Spot welding electrodes”, and sub-committees are at 
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present working on the following items: Rating of 
resistance welding machines; seam welding wheels; 
electrode holders for spot welding machines; and 
patterns for projection welding machines. 

Materials 

The section on arc welding concerns covered elec- 
trodes for the arc welding of mild steel, wrought iron, 
high-tensile steels, alloy steels, and aluminium (see 
Table 1). Filler rods and wires for gas welding are 
covered by BS.1453. 

Testing 

This section comprises the groups: 

(a) Equipment 

(5) Training 

(c) Production. 

The equipment group recently issued BS.2704, 
relating to standard reference blocks for the routine 
checking of ultrasonic testing equipment. 

The training section deals with tests for use in both 
the training and approval of welders. British Standard 
2645, ““Tests for use in the approval of welders”, was 
recently issued to provide a series of standard tests, 
one or more of which can be selected for assessing or 
testing the capabilities of a welder. This is comple- 
mentary to BS.1295, “Tests for use in the training of 
welders”. A study is now being made of BS.1295 with 
the object of revising this to bring it in line with the 
requirements of BS.2645. 

Production is covered by BS.709, “Methods of 
testing fusion welds, welded joints, and weld metal’, 
and BS.1138, “Test pieces for production control and 
aluminium alloy spot welds”. Work is in progress on 
tests in light-alloy fusion welds, but difficulties with 
heat-treatable alloys and the heat-affected zone are 
responsible for slow progress. It is hoped that in the 
near future experimental work now being undertaken 
by the Aluminium Development Association and the 
B.W.R.A. will result in the overcoming of these 
difficulties. 

Inspection 

British Standard 2600 gives recommendations for 
the radiographic examination of fusion-welded joints 
in thicknesses of steel up to 2 in., and more recently 
BS.2910 was issued, giving a similar set of recom- 
mendations for fusion-welded circumferential butt 
joints in pipes where the total penetrated thickness 
does not exceed 4 in. 

CO-ORDINATION OF STANDARDS WITHIN THE 

COMMONWEALTH 

This review of the development of welding standards 
in the U.K. is necessarily brief. There is a wealth of 
information and data in these Standards, based on the 
one hand on experience, and on the other on con- 
tinuing research which is developing at an ever 
increasing rate. 

The information on which revisions of the Standards 
will be based is available to all the Commonwealth 
countries, and in the interests of co-ordination, should 
be jointly implemented.* There are three essential 





* The Conference approved this proposal, recommending that 
the three subjects mentioned by the author, and also termino- 
logy and symbols, tests for electrodes, inspection of welds, and 
welding equipment, should be the subject of intensive co-ordin- 
ation within the Commonwealth. 
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points on which co-ordination can and should be 
undertaken: 

(1) Classification of electrodes 

(2) Weld preparation 

(3) Approvai tests for welders. 
Classification of Electrodes 

One of the most important considerations, when 
using metal-are welding, is the selection of the correct 
type of electrode for each specific application, and it is 
here that the classification will provide guidance which 
will assist prospective users to make the correct choice. 

In BS.1719, the most important characteristics of 
the electrodes in common use have been considered, 
and a systematic classification has been laid down for 
electrodes employed in the welding of mild steel and 
medium high-tensile structural steels of welding 
quality. By the use of a standard form of classification, 
users would have a direct indication of the charac- 
teristics of the electrode, whilst a standard form of 
coding would provide a simple means of reference. 
Electrodes bearing identical standard codings would 
have major characteristics which are similar, even if 
made by different manufacturers; minor differences, 
of course, would still exist between such electrodes. 
The advantage of a universal classification is obvious 
when one considers the vast number of trade names in 
existence in the United Kingdom and the Common- 
wealth, all appertaining to a similar type of electrode. 

In order to assist intra-Commonwealth trading, it 
would be advantageous if the electrodes could be 
specified on the drawing by a code of symbols; thus, 
a fabricator in a Commonwealth country could use 
whatever particular make of electrode he desired, 
always providing that electrode fell within the classifi- 
cation stipulated on the drawing. 


Weld Preparation 

One of the difficulties confronting intra~-Common- 
wealth trading is the slight variation demanded by the 
different countries in weld preparation. The United 
Kingdom has reached a common agreement on the 
types of weld preparations for the various conditions 
of manufacture and materials. Should the Common- 
wealth countries be able to come to some common 
agreement in this respect, there would be no difficulty 
in tendering for fabricated work, be it a welded bridge, 
a boiler, or an ordinary type of steel framework 
building. At present much effort is wasted through the 
need to consult the Standards of the different coun- 
tries in order to ensure that the proposed weld pre- 
parations conform with the requirements of the 
customer country. Time has proved that the prepara- 
tions laid down in the British Standards are satis- 
factory, and seeing this purely from our own point of 
view, there would appear to be no technical justifi- 
cation for British industry to prepare joints for 
welding in any other manner than that which experi- 
ence has proved to be satisfactory. 
Approval Tests for Welders 

More purchasers of equipment are now insisting 
that the contractors who undertake welding should 
guarantee the ability of the labour to perform 
satisfactory work. Whilst it is not certain that other 
standards or recommendations of approval tests exist 
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in other Commonwealth countries, the larger organi- 
zations in the United Kingdom are demanding some 
form of guarantee of competency. It would appear 
that this is a sensible move, for it cannot be denied that 
a welder who is considered skilled is not necessarily 
capable of welding joints equally well in any position 
or under any condition. The series of tests laid down 
in BS.2645 are intended to prove to the purchaser that 
the welders employed on the order which he has 
placed are, in fact, competent for that work. It would 
be a great help if such a series of approval tests were 
made the subject of Commonwealth agreement. 
Development and progress of welding techniques in 
the U.K. continue rapidly, and revision of all the 
Standards is constantly being undertaken in order that 


they will remain in line with development of current 
practice. Indeed, it is true to say that, were it not for 
the present welding standards, many things being 
manufactured in the world te-day could not have been 
produced. In particular, reference should be made to 
the sphere of nuclear energy development; for in- 
stance, the Calder Hall electricity generating station 
could not have been built had it not been for the 
process and practice of arc welding available to in- 
dustry to-day. The standards demanded in the 
construction of the numerous vessels and pipes, etc., 
in connection with all nuclear work are of the highest 
grade possible for Class I welding, this being absolute 
perfection, in thicknesses varying from jy in. up to 
4 in., much of this work being welded in situ. 
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SYNOPSIS 
THE presence ot sc ale on steel sheets is very troublesome in 
spot welding. This scale can be removed and a suitable surface 
can be obtained by means of a treatment of flame heating 
followed by water cooling. Operating conditions for this pro- 
cess have been studied, using statistical methods in order to 
reduce the number of tests. Spot we Ids produced on material 
de scaled by this process are of good quality. The proc ess 1S 
compared with othe de-scaling methods, and its applic ation in 


other helds is briefly discussed. 


Introduction 


HE presence of scale at the surface of normal 
rolling-mill products causes considerable diffi- 
culties in resistance spot welding. It will increase 
the contact resistance during welding, will cause 
spatter and excessive electrode wear, and affect the 
weld quality. 
The surface oxide on the metal increases the contact 
resistance between the workpieces, and between the 





Slightly abridged translation of a paper submitted for the last 
international competition organized by the Commission 
Permanente Internationale de PAcétyléne et de la Soudure 
Autogéne (C.P.1.). Although he was placed at the head of the 
classification, the author was ruled out of the competition be- 
cause, jointly with M. Granjon, he had won the first prize in 
the previous C.P.1. competition. 


The author is at the Institut de Soudure, Paris (French Institute of 


Welding). 
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workpieces and electrodes, to such an extent that in 
certain cases no current can pass; for samples of a 
number of types of mild steel, contact resistance up 
to 1-04 2 have been measured, by the method de- 
scribed later. As the following figures show this resis- 
tance may vary considerably from one sample to 
another, and also from one part to another of the same 
sample (sample B): 


Specimen 4 B Cc D E 
Contact resist., 
pid 427-000 66°300 602-000 251-009 910-000 


Specimen B, region I 2 3 4 
Contact resistance, uf2 66°300 229-000 165-000 518-000 


In practice this means that, if the current is not pre- 
vented from passing altogether, the regulation of the 
welding machine becomes very difficult; in particular, 
if a constant weld time is used, the same setting cannot 
be suitable for all spots. Welding at constant current is 
possible, but this leads to very rapid electrode wear 
and to poor weld quality. 

De-scaling of the material by suitable methods leads 
to a considerable reduction of the contact resistance, 
to 200-1000 12, the values showing some slight scatter. 
Thus, a method of de-scaling may be considered suit- 
able if it ensures a contact resistance with a mean value 
not exceeding 1000 22, and with only slight scatter. 

A further effect of scale is that considerable spatter- 
ing occurs during spot welding, both on the surfaces of 
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Fig. 1 


the workpieces and also in the space between them. 
The appearance of spots obtained on scaled sheets is 
shown in Fig. |; in Fig. la, a considerable amount of 
metal has been ejected during the passage of the 
current, whilst in Fig. 1) particles of copper have 
become embedded in the surface. The electrode tips 
also deteriorate very quickly; Figs. 2a and b show an 
electrode tip after only four and ten spot welds, 
respectively, have been made with it. The working area 
of the electrode is then almost entirely covered by 
oxide. 

With de-scaled metal, on the other hand, there is no 
spatter and the electrode tips are unchanged for a very 
long time, so that they only need to be remachined 
after a large number of spot welds have been made. 
The surface conditions of the workpieces also remain 
satisfactory. 

The presence of scale will, of course, also affect the 
weld quality. If fractures resulting from torsion shear 
tests are examined, spot welds on scaled surfaces are 
sometimes found to show incomplete fusion, but 
generally show a weld nugget with many blowholes, 
and there is frequently spattering between the sheets 
(see Fig. 3a). On de-scaled sheets, the weld nugget is 
free from blow-holes and spatter (Fig. 34). Moreover, 
the mechanical properties of spot welds made between 
scaled material are lowered by the presence of defects. 

Thus, de-scaling of normal rolling mill products 
prior to spot welding is essential to’ ensure the pro- 
duction of sound welds and the prevention of excessive 
electrode wear. This can be achieved by the method of 
flame de-scaling described in this paper. 
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Spot welds made in scaled material, showing (a) severe spatter and (5) copper from the electrode embedded in the surface 


FLAME DE-SCALING 

As a preparation for spot welding, the conventional 
method of de-scaling by the oxy-acetylene flame is 
unsatisfactory; this treatment results in contact resis- 
tances which may vary from 20,000 to 150,000 42, as 
against the acceptable value of 1000 u2. With thin 
sheets, as are most commonly used, the temperature 
gradient produced with this method is not sufficient to 
break up the surface scale through differential ex- 
pansion; further, the high temperature involved will 
favour the formation of new oxide layers when the 
metal is exposed to the air after the torch has passed. 
With thicker sheets (over 4 mm thick) the oxide is 
never completely removed by the conventional 
method; the remaining scale may be tolerated on 
surfaces to be painted, but it is troublesome for spot 
welding. 

Since, therefore, the normal de-scaling torch is not 
satisfactory, a method has been proposed* using 
special burners having a heating flame and a cooling 
spray. This proposal is based on experiments using a 
torch for the surface hardening of more or less scaled 
or rusty material; it was found that after hardening 
the surfaces appeared to be completely de-scaled. The 
cooling water thus seems to play an essential part in 
completing the cleaning action of the flame. 

The new de-scaling process thus depends on the 
action of an oxy-acetylene flame, together with water 
cooling. The work described in this paper was under- 
taken to establish the suitable operating conditions. 





*H. GraNnjon and M. Evrarp: Soudage Tech. Conn., 1954, 
vol. 8, No. 5/6. 
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(a) after four spots 


Test Equipment 

The principal feature of the equipment (see Fig. 4) is 
a torch consisting of two multi-flame burners and two 
sprays at an adjustable distance from them. The sample 
to be treated can be passed at a variable speed past the 
burner-spray assembly. Instruments are provided for 
measuring the flow rates and pressures of the gases and 
the cooling water. 


Torches—Two types of torch were used for the 
tests: 


(a) At the start of the work: High-pressure suction torch, 
with two heads each having 5 removable nozzles, able to give 
a flow rate of 175-900 1./h of acetylene. The two rows of jets 
face each other, so that the two sides of a sheet can be de- 
scaled simultaneously. The original water sprinklers had to be 
replaced by adjustable jet sprays for gas flow rates exceeding 
400 |./h of acetylene. The distance between the gas nozzles and 
the sprays can be regulated. A screen between the gas jets and 
the water sprays prevents the flame stability being disturbed 
by the water (see Fig. 5). 

(6) Later in the work: High-pressure torch without suction 
(equal pressures), having heads not with removable nozzles 
but each with a row of orifices (see Fig. 6). Flow rates of 
800-2000 1./h of acetyiene can be obtained by regulating the 
feed pressures to between 0-4 and | kg/cm*. Continuous water 
cooling of the heads ensures stability of the heating flames. 
The equal oxygen and acetylene pressures are obtained by an 
equalizer placed before the torch. The water cooling system is 
as described above (see Fig. 5). 


Feeding Device—It was necessary that the rate of 
travel of the workpiece past the burner heads could be 
regulated accurately, so that, for a given sheet 
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(6) after ten spots 


Fig. 2—Electrode tip after making spot welds on scaled surface 


thickness and gas flow rate, the test conditions would 
be reproducible. The equipment (Fig. 4) comprised the 
following: 

Motor, monophase, 0:25 h.p., 1400 rev./min, with capacitor 

and make-and-break. A reversing device in the motor feed 

circuit permits rotation in either direction. 

Speed regulator, giving, for a motor speed of 1400 rev./min, 

infinitely variable speeds ranging from 260 to 1560 rev./min. 

Speed reducers: to cover a sufficiently wide range of speeds, 

two interchangeable types were used, having step-down ratios 

of 1:84 and 1:30, respectively. 

Square-thread screw with three inlets, 18-mm pitch. A 

carriage travelling along this screw carries the test-piece 

holder. 
With a constant motor speed of 1400 rev./min, this 
equipment could give a range of travel of the work- 
piece of 8-75-35 cm/min with the 1:84 speed reducer, 
and of 18-102 cm/min with the 1:30 reducer. 

This equipment was mounted over a tank for the 
cooling water, which was emptied by a centrifugal 
pump. 

Water Supply—A special device (see Fig. 7) had to 
be used to ensure a steady water supply for the 
sprinklers. This consists essentially of a tank of about 
100-1. capacity, kept under a pressure of about 
14 atm. An expander passes the air to the top of the 
tank, so that the water flow rate can be kept very 
constant. A diaphragm safety valve, set to 2 atm, 
guards against accidental pressure boosts. Two cocks, 
r, and r, (Fig. 7) regulate the water flow for each 
sprinkler. 
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(b) 





Fig. 3--Spot weld fractures after torsion shearing: (a) Weld in 


scaled material; (>) weld in clean material 


Veasurement and Control Instruments 
water circuits, indicated in Fig. 7 
nstruments 


The gas and 


(a) For the gases: Two spirometers with floats for measuring 
the oxygen and acetylene flow rates (S$, and S,), and two 
gauges (M, and M,) to check the gas pressures, which are 
egulated by expanders mounted on the gas cylinders (the 
gauges can be of the mercury or the metallic types, 
according to the pressures used) 


hb 


For the water: A spirometer with float, S,, for measuring 
the water flow rate, which is regulated by the cocks r,; 
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Fig. 4-Experimental equipment for flame de-scaling 
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Fig. 5—Flame and water-spray arrangement 


The travel rate of the test piece is known, being 
chosen as already described. 


Mechanism of the Process 

Observations have shown that the method leads to 
the elimination of oxides both by chemical and by 
mechanical means. 

The mechanical effect results from the thermal cycle 
at the surface of the sheets, which causes a loosening 
of the scale; this is also the basis of the conventional 
flame-cleaning process, but in the present case it is 
greatly amplified by the sharp cooling and possibly 
also by the formation of steam. The removal of the 
scale is thus much more complete than in the case of 
cleaning simply with a flame. 

The chemical effect depends on the reducing nature 
of the oxy-acetylene flame, which modifies the struc- 
ture of the oxide film, and probably also its adhesion. 

This reducing action has been demonstrated by com- 
parative analyses of the original oxide films and of 
those removed during and after the de-scaling process. 
Determinations were made of the contents of metallic 
iron, of iron oxidized to the ferrous state, and of ferric 
iron oxide. The results are given below: 


Ferrous Iron Ferric Iron, 


Total iron, 
S Metallic y 4 


° 


Iron, °% 
Original oxide 75 56 19 
Oxide after de-scaling 86 83-5 2:5 
Maximum error 0-1 0-1 0-2 


From these figures the composition of the oxide layers 
covering the test pieces before and after de-scaling can 


be deduced: 
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Fig. 6—Diagram of burner head 
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Before de-scaling: FeO, 72°; 
or: FeO, 59-8°%; 

After de-scaling: Fe, 38°5°%; 

or: Fe, 38-57; 


Fe,O,, 27°1% 
Fe,O,, 393% 
FeO, 57-9% 
FeO, 56°3°%% 


Fe,0O;, 36% 
Fe,0,,5:2% 


In the first case, the sample consisted almost entirely of 
a mixture of oxides of iron. The results can probably 
vary considerably, according to the duration of con- 
tact between the flame and the test piece, and the many 
other variable factors; however, it can be concluded 
that the de-scaling operation is accompanied by a 
marked chemical reduction of the oxide layer, caused 
by the reducing atmosphere (CO+-H,) of the flame at 
a high temperature. 

At the same time, the rapid water cooling helps to 
maintain this chemically reduced state at room tem- 
perature; the water prevents the re-oxidation that 
would occur if the metal were permitted to cool slowly 
in contact with the air. 

In order to confirm this theory of the action of the 
flame, a control experiment was carried out with a 
test piece which was de-scaled with a single flame. The 
nozzle was placed at 3 mm from the surface, which 
was heated to about 900°C for several seconds. After 
removal of the torch and throughout the cooling, the 
heated portion was placed in an argon atmosphere. 
The surface of this specimen showed the same charac- 
teristics as those produced by heating followed by 
water cooling. 


FURTHER STUDY OF THE PROCESS 
Efficiency of De-scaling Process 

The effectiveness of the de-scaling was checked by 
measuring the resistance between two copper elec- 
trodes applied to the two faces of the workpiece. This 
resistance is made up of the resistance of the metal 
itself, and of the sum of the contact resistances, which 
very greatly exceeds the former if the metal has a 
surface oxide film. 

The apparatus used for these measurements is illus- 
trated in Fig. 8. The fixture M carries the two elec- 
trodes e, and e,, which have 8-mm dia. flat tips; the 
movable electrode holders are arranged to have 
minimum friction. The lower electrode holder is 
electrically insulated from the rest of the equipment 
and rests on the dynamometer Dy, which measures the 
force applied to the electrodes; this can vary from 
0 to 500 kg, and is applied to the upper electrode 
holder by means of a spring screw. As the force is 
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increased, the electrical resistance between the elec- 
trodes at first decreases rapidly, and then tends to- 
wards a lower limit. After preliminary tests a force of 
300 kg was selected for the work, beyond which no 
further appreciable reduction of the resistance was 
obtained. 

The electrical circuit consisted of an accumulator P, 
a resistance R, for regulating the primary current, a 
standard 0-O0I-22 resistance R,, a switch K, and a 
double Thompson bridge with two fixed resistances, 
r, and r., and two variable resistances r; and r,. When 
all the resistances in the circuit are balanced to give a 
zero reading on the galvanometer G, the resistance R, 
between the electrodes is given by the expression: 


| er Aaa 
The value of R, can be measured very rapidly, with an 
accuracy of +0:1°%. 
Influencing Factors 

A number of preliminary tests were carried out to 
establish the features that would be required in the 
manufacture of burners etc. The specimens used for 
these tests were 2 mm thick and 40 mm x 250 mm, and 
were chosen from amongst sheets of scaled material. 
The following factors appeared to be of most impor- 
tance for investigation: 
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Fig. 9—Experimental relation of gas flow to work travel speed, 
for resuiiant contact resistance of 1000 «£2 (2-mm thick 
sheet) 


BRITISH WELDING JOURNAL 








60 EVRARD: FLAME 





Fig. 3—-Spot weld fractures after torsion shearing: (a) Weld in 


scaled material; (5) weld in clean material 


Veasurement and Control Instruments 


The gas and 


water circuits, indicated in Fig. 7, include a number of 


instruments 


(a) For the gases: Two spirometers with floats for measuring 
the oxygen and acetylene flow rates (S, and S,), and two 
gauges (M, and M,) to check the gas pressures, which are 
regulated by expanders mounted on the gas cylinders (the 
gauges can be of the mercury or the metallic types, 
according to the pressures used) 


For the water: A spirometer with float, S,, for measuring 
the water flow rate, which is regulated by the cocks r, 
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Fig. 4—-Experimental equipment for flame de-scaling 
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Fig. 5—Flame and water-spray arrangement 


The travel rate of the test piece is known, being 
chosen as already described. 


Mechanism of the Process 

Observations have shown that the method leads to 
the elimination of oxides both by chemical and by 
mechanical means. 

The mechanical effect results from the thermal cycle 
at the surface of the sheets, which causes a loosening 
of the scale; this is also the basis of the conventional 
flame-cleaning process, but in the present case it is 
greatly amplified by the sharp cooling and possibly 
also by the formation of steam. The removal of the 
scale is thus much more complete than in the case of 
cleaning simply with a flame. 

The chemical effect depends on the reducing nature 
of the oxy-acetylene flame, which modifies the struc- 
ture of the oxide film, and probably also its adhesion. 

This reducing action has been demonstrated by com- 
parative analyses of the original oxide films and of 
those removed during and after the de-scaling process. 
Determinations were made of the contents of metallic 
iron, of iron oxidized to the ferrous state, and of ferric 
iron oxide. The results are given below: 
Ferrous Tron 


Total iron, Ferric Iron, 


© Metallic A 
Iron, ° 
Original oxide 75 56 19 


Oxide after de-scaling 86 
Maximum error 0-1 0-1 0-2 


From these figures the composition of the oxide layers 
covering the test pieces before and after de-scaling can 
be deduced: 
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Fig. 6—Diagram of burner head 
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Before de-scaling: FeO,72°%: Fe,O;, 27-1% 
or: FeO, 59-8%; Fe,O,, 39-3% 
After de-scaling: Fe, 38-5°%; FeO, 57-9% 
or: Fe, 38-5%; FeO, 56:3% 


Fe,O5, 36% 
Fe,O,, 52% 
In the first case, the sample consisted almost entirely of 
a mixture of oxides of iron. The results can probably 
vary considerably, according to the duration of con- 
tact between the flame and the test piece, and the many 
other variable factors; however, it can be concluded 
that the de-scaling operation is accompanied by a 
marked chemical reduction of the oxide layer, caused 
by the reducing atmosphere (CO+-H,) of the flame at 
a high temperature. 

At the same time, the rapid water cooling helps to 
maintain this chemically reduced state at room tem- 
perature; the water prevents the re-oxidation that 
would occur if the metal were permitted to cool slowly 
in contact with the air. 

In order to confirm this theory of the action of the 
flame, a control experiment was carried out with a 
test piece which was de-scaled with a single flame. The 
nozzle was placed at 3 mm from the surface, which 
was heated to about 900°C for several seconds. After 
removal of the torch and throughout the cooling, the 
heated portion was placed in an argon atmosphere. 
The surface of this specimen showed the same charac- 
teristics as those produced by heating followed by 
water cooling. 

FURTHER STUDY OF THE PROCESS 
Efficiency of De-scaling Process 

The effectiveness of the de-scaling was checked by 
measuring the resistance between two copper elec- 
trodes applied to the two faces of the workpiece. This 
resistance is made up of the resistance of the metal 
itself, and of the sum of the contact resistances, which 
very greatly exceeds the former if the metal has a 
surface oxide film. 

The apparatus used for these measurements is illus- 
trated in Fig. 8. The fixture M carries the two elec- 
trodes e, and e,, which have 8-mm dia. flat tips; the 
movable electrode holders are arranged to have 
minimum friction. The lower electrode holder is 
electrically insulated from the rest of the equipment 
and rests on the dynamometer Dy, which measures the 
force applied to the electrodes; this can vary from 
0 to 500 kg, and is applied to the upper electrode 
holder by means of a spring screw. As the force is 








Fig. 7—Gas and water circuits 
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Apparatus for measurement of resistance R, between 
electrodes 
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increased, the electrical resistance between the elec- 
trodes at first decreases rapidly, and then tends to- 
wards a lower limit. After preliminary tests a force of 
300 kg was selected for the work, beyond which no 
further appreciable reduction of the resistance was 
obtained. 

The electrical circuit consisted of an accumulator P, 
a resistance R, for regulating the primary current, a 
standard 0-001-2 resistance R,, a switch K, and a 
double Thompson bridge with two fixed resistances, 
r, and r,, and two variable resistances r, and ry. When 
all the resistances in the circuit are balanced to give a 
zero reading on the galvanometer G, the resistance R, 
between the electrodes is given by the expression: 

- t& 


x he % 
The value of R, can be measured very rapidly, with an 
accuracy of +0-1°%. 
Influencing Factors 

A number of preliminary tests were carried out to 
establish the features that would be required in the 
manufacture of burners etc. The specimens used for 
these tests were 2 mm thick and 40 mm x 250 mm, and 
were chosen from amongst sheets of scaled material. 
The following factors appeared to be of most impor- 
tance for investigation: 
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Fig. 9—Experimental relation of gas flow to work travel speed, 
for resultant contact resistance of 1000 «2 (2-mm thick 
sheet) 
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(i) Gas flow 

(ii) Travel speed of material 

(iii) Water flow rate 

(iv) Consumption ratio oxygen/acetylene, a 

(v) Distance between gas nozzle and water 

(vi) Distance between gas nozzle and surface 

(vii) Nature of the scale 


For the first series of tests, the gas flow rate and 
specimen travel rate were studied, in order to deter- 
mine the influence of the flame strength on the speed of 
the process, and the other factors were kept constant. 
Six values of the gas flow rate, in the range 175-880 1./h 
were chosen, and for each of these the specimen travel 
rate was varied, about 5 speeds being chosen between 
the limits 8 and 100 cm/min. The other factors were 
kept constant as follows 


Water flow rate: 100 1./h 

Gas consumption ratio, a: 1-05 

Gas nozzle to water distance: 10-12 mm 
Gas nozzle to surface distance: 2-3 mm 


After treatment, each specimen was carefully dried in 
air, and the resistance was measured at three different 
points along its length. 

About 400 measurements of contact resistance were 
made in this preliminary series of tests, using speci- 
mens which, before flame cleaning, had had initial 
contact resistances of the order of 44,500 to 263,000 u22. 
For each gas flow rate, the contact resistance was 
plotted against the specimen travel speed. It was found 
that, for a given flow rate, a certain travel speed would 
consistently result in contact resistances of less than 
1000 £2. On the basis of these results it was possible 
to plot a curve (Fig. 9) which, for a resultant contact 
resistance of the order of 1000 2, relates the gas flow 
rate to the travel speed. Above a flow rate of 400 1./h 
of acetylene, these two factors become proportional to 

ich other; that is to say, the gas flow rate related to 
the area or the weight of metal de-scaled remains 
yractically constant, irrespective of the travel speed 
For one square metre of 2-mm thick sheet de-scaled on 
both sides, the gas consumption is 1135 1. of acetylene 
ind 1190 1. of oxygen; related to weight, the gas con- 
sumption (for de-scaling of both surfaces) is: acety- 
ene, 70 1./kg and oxygen, 74 1./kg. 

These tests made it possible to lay down the 
desirable features of the burners, which were then used 
for further tests on specimens 4-mm thick. It was 
found that, as with the 2-mm thick specimens, it was 
consistently possible to obtain contact resistances 
below 1000 pf 

Until now, the influence of only two of the seven 
factors mentioned above had been shown, although 
some 300 test pieces had been treated and about 1500 
measurements of contact resistance had been made. In 
order to reduce the number of tests that would be 
required to study all the factors involved, it was 
decided to make use of a statistical procedure for the 
further experiments. This would make it possible to 
study, not only the influence of each factor, but also 
any effect they might have on each other. 

Statistical Studies 

The tests were planned, using specimens 4 mm 
thick, to cover the seven factors in question; two 
values were chosen for each of these, and sixteen tests 
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were carried out, these being a selection of the 128 
(i.e.27) tests that would constitute a complete factorial 
series. This simplification was made possible by 
restricting the test conditions to values that would give 
acceptable contact resistances at a minimum cost. It 
was thus only necessary in each set of experiments to 
find how the values chosen for each variable should be 
altered in order to obtain this effect. Under these 
conditions the interaction between the factors may be 
neglected, so that the number of tests can be reduced. 
Taking as a criterion the possibility of obtaining a 
contact resistance below 1000 p22, the first series of 
tests led to the following preliminary observations: 


(a) The most important factor appeared to be the gas nozzle- 
to-water distance 

Within the limits fixed for the tests, two factors seemed to 
have no influence, viz. the water flow rate and the nozzle- 
to-surface distance 

The influence of the other factors could not be established 
with sufficient significance, partly because of the values 
chosen for them. 


(b 


{« 


As the conditions in this first series of tests had not 
been sufficiently closely controlled, a second series 
was carried out, following the same general pattern 
but repeating each test twice. In addition, the values 
of certain factors were changed, the values now used 
being as follows: 


Variable Values Chosen 


Gas flow, L/h 968 1245 
Specimen travel speed, cm/min 30 43 
Water flow rate, |./h 90 120 
Oxygen /acetylene consumption, a 1-05 1-29 
Nozzle-to-water distance, mm 10 13 
Nozzle-to-surface distance, mm 0-5 2 
Type of scale I il 


The interpretation of the results, given below, was 
much more significant; in particular, the assumptions 
made concerning the interaction of factors are seen 
to be justified. 


Variable Sum of Degreesof Quotient 
Squares Freedom 
Gas consumption ratio, a 97-903 l 97-903 
Specimen travel speed 68-635 l 68-635 
Nozzle—water distance 29-161 I 29-161 
Gas flow rate 26°335 l 26°335 
Type of scale 12-960 I 12-960 
Other, non-significant 
effects and interactions 43-540 10 4-354 
Experimental residue 43-014 16 2-688 
Total 321-548 3] 


From these results it may be concluded that the first 
five factors have a significant influence (i.e. their 
degree of significance is in each case greater than 
95°). The factors of nozzle-to-surface distance and 
water flow rate are found to have negligible influence 
On the basis of these results an attempt has been made 
to establish a formula which, within the chosen limits, 
will relate the contact resistance to the significant 
factors. However, it was necessary to recognize that, 
in practice, only the normal setting could be used for 
the oxygen/acetylene ratio (i.e., 1-05); further, the 
nature of the scale is a variable over which the opera- 
tor cannot have any control. 

With these simplifications, the following formula 
can be arrived at: 
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1000 log R= 4715+ 35-35 v—-100/—1-0ld. (1) 


where 


R~ Contact resistance, puf2 

v= Specimen travel speed, cm/min 
/= Nozzle-to-water distance, mm 
d= Acetylene flow rate, |./h. 


For a given contact resistance, v can be plotted against 
d for each nozzle-to-water distance (Fig. 10). The 
resulting parallel straight lines, for 4-mm thick speci- 
mens, have practically the same slope as the experi- 
mental graph (Fig. 9) obtained for 2-mm_ thick 
specimens. 


Investigation of Costs 
The cost of the operation may be written as follows: 


Cost per cm* de-scaled 
(O, cost/l.) 1-05 d 


300 5 


(C,H, cost/l.) d (Labour cost/h) (2) 





taking 300 »v as the surface, in cm*, de-scaled per hour. 
By means of this formula, lines each representing a 
constant price (here using French francs) can be super- 
imposed on the plots of v=f(d) in Fig. 10; these will 
show in which direction tests should be undertaken in 
order to reduce the cost. 

In this way a new series of tests was planned, again 
on a Statistical basis, to establish operating conditions 
that would give a contact resistance below 1000 p22 at 
a minimum cost. For the reasons already stated, the 
factors of oxygen/acetylene ratio, nature of the scale, 
nozzle-to-surface distance, and water flow rate were 
not taken into account, and only the gas flow rate 
(3 values), and specimen travel speed and nozzle-to- 
water distance (2 values of each) were considered. 
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Fig. 10—Calculated relation of gas flow to work travel speed, for 
various nozzle-to-water distances /, and various costs P 
(in French francs), for resultant contact resistance of 
1000 22 (4-mm thick sheet) 
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Experimental relation of gas flow to work travel speed 
for two nozzle-to-water distances, for resultant contact 
resistance of 1000 22 (4-mm thick sheet) 


Fig. 11 


There was thus a complete factorial series of 12 (ie. 
2? x 3) tests: 


Variable 
Gas flow rate, |./h 
Specimen travel speed, cm/min 
Gas nozzle-to-water distance, mm 


1235 
35 
14 


Values Chosen 
1400 
48 
18 


1550 


The analysis of the results given below shows that, for 
the range examined, the travel speed and the gas flow 
rate have a significant effect, whereas the influence of 
the nozzle-to-water distance has become negligible, 
so that the optimum may thus be said to have been 
reached: 


Variable Sum of Degrees of Quotient 
Squares Freedom 

Specimen travel speed 26°790 l 26°790 
Gas flow rate 3-491 2 1-745 
Interaction of travel speed 

and flow rate 2-554 2 1-277 
Experimental residue 1-114 6 0-186 

Total 33-949 11 





Fig. 12—Electrode tip after 100 spot welds on flame de-scaled 
material 
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Fig. 13—Torsion fracture of spot weld made in sand-blasted 


material 


On the basis of the above results, the graphs of 
v==f(d) have been plotted in Fig. I! for a contact 
resistance of 1000 {2 and for two values of the nozzle- 
to-water distance; the line for a constant price of 
0-10 frances (about 0-025d.) per cm? de-scaled has been 
superimposed on this. The experimental graphs in this 
figure have essentially the same slope as those calcu- 
lated from equation (1) and plotted in Fig. 10. It is 
also seen that variations of the nozzle-to-water dis- 
tance no longer affect the cost. A decrease in cost can 
be obtained by a simultaneous increase of the gas flow 
and the travel speed, but this is not appreciable, since 
the saving in labour cost is largely offset by the 
increased gas consumption. Further, it is important 
not to increase the gas flow and travel speed too much, 
since hardening effects may seriously influence the 
mechanical properties of the metal 


General Conclusions on the Process 

From the results obtained and from their statistical 
analysis, the following general conclusions can be 
drawn 


(1) Within the range of values chosen for these 
experiments, the nozzle-to-surface distance and the 
water flow rate have no appreciable influence on the 
results. 


(2) The ratio oxygen/acetylene in the gas fed to the 
flame has an appreciable influence, and oxidizing 
settings are preferable. However, for greater con- 
venience, only the usual ratio for the normal flame 
(a= I to 1-05) has been considered. 

(3) From the cost point of view, the specimen travel 
speed, the gas flow, and the nozzle-to-water distance 
are related, but the last factor has an optimum value 
of about 14 mm. 

(4) Taking an oxygen/acetylene ratio of 1-05, the 
optimum working conditions for a thickness of 4 mm 
are: 

Gas flow: 1000 L/h of acetylene for heads heating a zone 

50 mm wide 
Work travel speed: 30 cm/min 
Nozzle-to-water distance: 14 mm. 


With the 50-mm burner heads used in these tests, these 
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working conditions gave the following gas consump- 
tions for 4-mm thick sheet: 
By area 
By weight 


Acetylene, 1100 1./m*; oxygen, 1150 1./m* 
Acetylene, 35 1./kg; oxygen 37 1./kg. 


These conditions were tested on a large number of 
samples from many different sources, to check their 
effectiveness with different types of scale, having initial 
contact resistances which could reach from 100,000 u£2 
to more than 12. Except for a single case where it was 
necessary to repeat the treatment in order to obtain a 
contact resistance below 1000 », the de-scaling pro- 
duced was entirely satisfactory and remarkably con- 
sistent. 

The most extensive tests were conducted with 
material 2 mm and 4 mm thick, but work has also been 
done on greater thicknesses. It appears that the gas 
consumption per unit area de-scaled does not vary 
appreciably with the thickness, at least up to 6 mm. 
The work travel speed and gas flow rates may of course 
vary to some extent, according to the thickness, and a 
table is being worked out. It should be remembered 
that for spot welding the material thickness is generally 
limited to 1-8 mm. 


PROPERTIES OF SPOT-WELDS IN DE-SCALED 
MATERIAL 

Samples of spot welds were made by means of an 
electronically controlled machine with which various 
weld cycles could be used. 

The properties of the spots were determined by the 
Joumat torsion test;* in this, the spots are fractured 
by a specially designed torsion machine, and the torque 
applied and the angle of twist are noted, whilst the 
fracture appearance is also examined. 

A large number of samples were selected from the 
4-mm thick test pieces previously treated, and were 


* See Brit. Welding J., 1955, vol. 2, pp. 225-233. 
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Fig. 14—Relation of torque and angle of twist during torsion shear 
test of spot welds made in material de-scaled by various 
methods 
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Table I 


SPOT WELD QUALITY IN MATERIAL DE-SCALED 
BY DIFFERENT METHODS 


Spots subjected to torsion shear test 




















7 
Fracture Torque, Angle of Twist, 
De-scaling m-kg degrees 
Method 
Mean\| Min. | Max.| Mean| Min. | Max. 

None 13-5 | 11-6 | 14-5 36 26 42 
Flame 17-5 | 16-1 18-6 77 66 85 
Sand-blast 11-9 | 10-8 | 13-4 61 41 73 
Shot-blast 13 10°6 | 16°6 61 33 83 
Grinding 16-4 | 14-4 | 18-4 77 64 92 
Chemical 

pickling 15-3 | 13-4] 16 66 61 73 

| | 

















resistance welded. Since the machine was electroni- 
cally controlled, the weld cycle was perfectly repro- 
ducible. The spots were then subjected to the torsion 
shear test, and the following results were obtained: 


Mean torque for fracture: 17-2 m-kg 
Mean angle of twist 60°. 
In addition, examination of the fracture showed 


numerous peripheral tears (Fig. 35), which are an 
indication of excellent weld quality. 

These tests were completed by a check of electrode 
tip wear with de-scaled material. Series of 100 spot 
welds were made with different electrodes, the dura- 


tion of each weld cycle being 3 s. To study the effect of 


electrode tip wear, a test plate was inserted at every 
20th weld and was then subjected to the torsion shear 
test. It was found that, in spite of the rapid weld cycle, 
which represents a severe service condition, the elec- 
trode tips did not show abnormal wear (Fig. 12). 
Further, the torsion shear tests showed that the 
electrode wear had no appreciable effect on the spot 
weld quality, at least within the limits of the experi- 
ment. 


Spot Weld Quality obtained with Different De-scaling Methods 

In order to compare this method of de-scaling with 
other methods, some comparative tests were carried 
out, using 4-mm thick material of the following com- 
position: C,0-02°%; Mn, 0-10°%; Si, traces; S, 0-017 %; 
P, 0-:040°%; N, 0-011°%. The following de-scaling 
processes were used: 

De-scaling with the oxy-acetylene flame according to the 

methods described in this paper 

Sand-blasting, with sand from crushed pebbles (grain size 

0-5-1 mm) 

Shot-blasting, with non-spherical shot 

Grinding, with portable grinder 

Chemical pickling, specially adapted for de-scaling. 

For each series, twelve spot welds were made with 
the same machine settings, using the same weld cycle 
as for the previous tests. In addition, six spot welds 
were made on sheet in the untreated state, for purposes 
of comparison; for these six spots, the electrodes had 
to be refinished twice. All the spot welds were sub- 
jected to the torsion shear test, and the results are 
given in Table I. It will be seen that de-scaling by the 
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oxy-acetylene flame gives the best results, sand- and 
shot-blasting the worst. 

Curves were also plotted relating the torque and the 
torsion angle for each test (Fig. 14). The graph for 
flame de-scaling is a smooth curve, reaching the highest 
torque; the curve for the sand-blasted specimens, on 
the other hand, consistently showed an irregularity 
corresponding to premature failure at the periphery of 
the weld nugget, and examination of the fracture 
(Fig. 13) confirms this finding. 


CONCLUSIONS 

The oxy-acetylene flame, in conjunction with a 
water jet, is a particularly effective means of de-scaling 
current rolling-mill products even when these are 
covered by very strongly adhering oxide films. The 
present study has shown the efficiency of this tech- 
nique for the preparation of sheets, plates, and sections 
which is essential for spot welding. By the measure- 
ment of contact resistances, the best operating settings 
for flame strength, work travel speed, flow rates, and 
application of the water jets have been determined, 
having regard both to the cost and to the quality of 
the work. 

Other de-scaling methods can, of course, be used 
instead of the oxy-acetylene flame, but the latter has 
substantial and undeniable advantages over mechani- 
cal or pickling methods. The application of the flame 
can be limited to those areas that actually need to be 
de-scaled, without the need for prolonged and costly 
handling operations. 

The flexibility of the method makes it possible to 
apply it in any position, even when some parts are 
already assembled. This should lead to considerable 
savings, although these are difficult to estimate 
accurately. 

Further, flame de-scaling gives rise to no health 
hazards, which may present a considerable problem 
with other methods, particularly with sand-blasting 
and certain pickling processes. Thus, flame preparation 
can be applied in the assembly shop without any 
special precautions. 

Finally, the first cost of the equipment is extremely 
low, especially as compared with sand-blasting or 
pickling plant. 

It should be noted that surfaces treated by this 
method can retain their properties for a considerable 
time, provided that they are dried immediately after 
treatment. It has been found that flame-treated sheets 
which had been stored in the open air for over a year 
had remained as clean as they were immediately after 
treatment. 

Although this work was undertaken to provide a 
surface suitable for spot welding, the results could also 
be applied in other fields which are no less important; 
for instance, flame de-scaling could be used for prod- 
ucts intended for wire-drawing or rolling. In the case 
of cold-drawn wire, annular burners applied to the 
wire before it reaches the die would provide a particu- 
larly elegant method of achieving de-scaling, which up 
to now has been done by immersion of the wire coils 
in acid solutions. Such applications would provide a 
new use for the oxy-acetylene flame, utilizing its rapid 
heating action and reducing nature. 
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Arc and Bead Characteristics of the 
Aluminium Self-adjusting Arc 


EFFECT OF WIRE FEED RATE AT CONSTANT VOLTAGE 


IN ARGON 


By J.C. Needham, B.Sc. (Eng.) 


SYNOPSIS 

ESCRIPTION is given of carefully controlled weld tests made 
1 large range of wire feed rates at constant arc voltage 
ihcance of the metallurgical and electrical features is 


lis ed in relation to the arc and bead characteristics. In 
these tests the range for satisfactory welding is limited and the 

xistence of sub-threshold and defective regions outside this 
established 


ra e 1s 


Introduction 

HIS report describes an investigation carried out 

by the Electrical Research Association jointly 
with the British Welding Research Association 

on the properties of self-adjusting arcs both within 
and outside the range of satisfactory welding. The 
work {: confined to aluminium (-in. dia. wire) in 
argon and in this report the effect of varying one 
parameter only (wire feed rate) is examined. It is hoped 
that, with this work as a basis, the effect of other 
variables can then be determined by direct comparison. 


TEST TECHNIQUE 
To obtain close control of preset mechanical con- 
stants, all bead runs were laid automatically using a 








Report LM 7/29/57 of the Association issued to members in 
August 1957. This report is joint work performed by B.W.R.A. 
and E.R.A. and has been issued to E.R.A. members under the 
number Z/T 112. 

Mr. Needham is with the Electrical Research Association, and 
Mr. Smith is with the British Welding Research Association. 
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specially designed welding apparatus. Use of a power 
source with a substantially flat output characteristic 
enabled the arc voltage to be held practically constant. 
The power source was a large battery bank with low 
series resistance so as to give a steady e.m.f. free from 
ripple. This avoids the introduction of any spurious 
oscillations in the are current or voltage. 

Test beads 8 in. long were deposited from a single 
reel of #-in. dia. G/C aluminium wire produced for 
the self-adjusting arc welding process. The P/C 
aluminium test plates, 12 in. x 6 in. x $ in. were de- 
greased and mechanically wire brushed before each 
test. Other constants were: current, d.c. electrode posi- 
tive; torch angle, 80° forehand; gas nozzle, };-in. dia. 
and } in. from the plate; argon flow, 80 ft*/h; ratio of 
wire feed rate to traverse rate, 10 to 1, giving a 
theoretically constant reinforcement of 20 mm*; arc 
voltage, 22 V. 

For each run the preset wire feed rate and plate 
traverse rate were adjusted to within | °, of nominal 
values by a stroboscopic method. Judging from the 
general appearances of the process and measurements 
of visible arc length, penetration, ete., equilibrium 
conditions appeared to be well established within an 
inch or two of the start of a beac. The second half of 
each run was therefore considered to be representative 
and all readings were taken from the last three inches. 
The bead runs were terminated by simultaneously 
interrupting the power by a contactor and stopping 
the wire feed motor drive dynamically. 


FEBRUARY, 1958 











NEEDHAM AND SMITH: CHARACTERISTICS OF THE ALUMINIUM SELF-ADJUSTING ARC 67 


(a) 115 in./min, 95A. 


Sub-threshold 





De ke ERP eee 


* » 115 in./min, 135A 
Normal 


” 


150 in./min, 170A. 
Normal 


250 in./min, 275A. 
Normal 









TRICE ae Cea aS Bede 
ata a 


(e) f 2 . ‘ ; ; : > 
, ti’ eae. aoa Gong eee Les cé a fie ¥ Q } A 300A. 


— = le » = nate 
RSET INIY A OF 


i : ‘ : 300 in./min, 330A. 
a ony , “ . ’ ‘ . , Defective 
A: rls rr: As Mt, 5 aN x — 





(g) 
& 350 in./min, 380A. 
Defective 





Se Ae 


450 in./min, 470A. 
Puckering 


550 in./min, 540A. 
Puckering 


(Etched with dilute NaOH) 
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Arc and Bead Characteristics of the 
Aluminium Self-adjusting Arc 


THE EFFECT OF WIRE FEED RATE AT CONSTANT VOLTAGE 
IN ARGON 


By J. C. Needham, B.Sc. (Eng.) 


SYNOPSIS 
A DESCRIPTION is given of carefully controlled weld tests made 
over a large range of wire feed rates at constant arc voltage. 
The significance of the metallurgical and electrical features is 
discussed in relation to the arc and bead characteristics. In 
these tests the range for satisfactory welding is limited and the 
existence of sub-threshold and defective regions outside this 


range 1s established 


Introduction 

HIS report describes an investigation carried out 

by the Electrical Research Association jointly 
with the British Welding Research Association 

on the properties of self-adjusting arcs both within 
and outside the range of satisfactory welding. The 
work is confined to aluminium (-in. dia. wire) in 
argon and in this report the effect of varying one 
parameter only (wire feed rate) is examined. It is hoped 
that, with this work as a basis, the effect of other 
variables can then be determined by direct comparison. 


TEST TECHNIQUE 


To obtain close control of preset mechanical con- 
stants, all bead runs were laid automatically using a 
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specially designed welding apparatus. Use of a power 
source with a substantially flat output characteristic 
enabled the arc voltage to be held practically constant. 
The power source was a large battery bank with low 
series resistance so as to give a steady e.m.f. free from 
ripple. This avoids the introduction of any spurious 
oscillations in the are current or voltage. 

Test beads 8 in. long were deposited from a single 
reel of #-in. dia. G/C aluminium wire produced for 
the self-adjusting arc welding process. The P/C 
aluminium test plates, 12 in. x 6 in. x 4 in. were de- 
greased and mechanically wire brushed before each 
test. Other constants were: current, d.c. electrode posi- 
tive; torch angle, 80° forehand; gas nozzle, {,-in. dia. 
and } in. from the plate; argon flow, 80 ft®/h; ratio of 
wire feed rate to traverse rate, 10 to 1, giving a 
theoretically constant reinforcement of 20 mm; arc 
voltage, 22 V. 

For each run the preset wire feed rate and plate 
traverse rate were adjusted to within 1°, of nominal 
values by a stroboscopic method. Judging from the 
general appearances of the process and measurements 
of visible arc length, penetration, ete., equilibrium 
conditions appeared to be well established within an 
inch or two of the start of a bead. The second half of 
each run was therefore considered to be representative 
and all readings were taken from the last three inches. 
The bead runs were terminated by simultaneously 
interrupting the power by a contactor and stopping 
the wire feed motor drive dynamically. 
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Fig. 1—Bead deposits at increasing feed rates 
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Fig. 2—Macrosections and oscillograms for sub-threshold and normal ranges of wire feed rate 


Sub-standard moving coil meters were used to read 
the arc current and voltage. The latter was measured 
between a sprung contact on the wire, immediately 
above the torch, and the water-cooled base to which 
the test plate was clamped. The visible arc length was 
obtained from a x 5 enlarged image of the arc, pro- 
jected at plate level. The meters and the projected 
image were also recorded on a ciné camera for the 


last three inches of the run. Oscillographic records of 


the are current and voltage were also taken over the 
same period, to resolve any detailed fluctuations in 
the electrical parameters. The steadiness or otherwise 
of the mean d.c. levels of the records served to indi- 
cate the degree of equilibrium obtained. Metallurgical 
data were determined from a 1}-in. longitudinal 
macrosection through the crater and four transverse 
sections machined successively } in. apart, providing 
eight cross-section faces. The weld dimensions were 
measured and averaged from tracings made on a 
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projection microscope at a magnification of x 10. 

To check the repeatability of the test technique, 
three weld beads were made at each wire feed rate and, 
in general, close agreement was found 


EXPERIMENTAL RESULTS 
Over a wide range in wire feed rate, from less than 
60 to 550 in./min, considerable changes were observed 
in both the character of the arc and the form of the 
deposit. These changes broadly divide the overall 
characteristics into three regions, viz.: 

(i) Where, at low wire feed rates, the material is transferred 
intermittently in large globules—here termed the ‘sub- 
threshold’ range 

(ii) Where the material is transferred as a so-called spray of 
small droplets giving a sound weld deposit suitable for 
welding practice—here referred to as the ‘normal’ range 

(iii) Where, at high wire-feed rates, serious defects occur in 
the bead—-called the ‘defective’ range 
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a) 250 in./min, 275A. Normal arc, signs of finger 








(6) 275 in./min, 300A, Critical-finger with occasional voids 





(c) 300 in./min, 330A. Defective 


Time left to right, oscillog 


Fig. 3 


The transition between the sub-threshold and the 
normal range is easily recognized by changes both in 
the are and in the material transfer, although there can 
be a short overlapping range of feed rate for this 
transition stage. The corresponding change from the 
normal to the defective ranges is less evident as it is 
first characterized by the occurrences of internal voids 
or ‘tunnels’, but with further increase in wire feed rate 
the deposit visibly deteriorates. At the upper limit the 
are is finally cutting through the plate. 


Sub-threshold Range (Wire Feed Rate less than 115 in./min) 

The term ‘threshold’ has previously been applied to 
the approximate minimum current at which the mater- 
ial transfer changes from large globules to a so-called 
‘spray’.' In the present work it was found that at a 
certain feed rate (about 115 in./min) the transfer 
could be obtained either as large or small drops, but 
for the latter the current increased by about 40°% (see 
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Macrosections and oscillograms showing change from normal to defective range 


burn-off characteristic, Fig. 5). The region where the 
material transfer occurs only as large globules, i.e 
below the discontinuity in this characteristic, is here 
termed the sub-threshold range. 

The main features of this range are shown in the arc 
length, the mode of material transfer, and the appear- 
ance of the bead surface. Compared with the normal 
range, the arc is very long, over 15 mm at 22 V and 
appreciably less bright. The frequency of material 
transfer is low throughout, and the melting of the 
wire, to form large pendant globules, is piainly 
visible. During a bead run, small bright spots (pre- 
sumably the are cathode root) are seen to wander 
rapidly over a comparatively large area, giving a 
sputtered zone of up to 4 in. wide on either side of 
the matt-white deposit. The bead is not surrounded 
or covered by the black deposit of finely divided 
aluminium found in the normal range and appears as 
an irregular string of coalescing balls. It is difficult to 
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(a) 350 in./min, 380A. Arc plunging, onset of puckering 








470A. Puckering, gross oxide films 





) 550 in.’min, 540A. Puckering, onset of arc cutting 


Fig. 4—Macrosections and oscillograms for increasing wire feed rate in defective range 


produce a continuous bead, as the arc is not very 
stable and often extinguishes 

Throughout this range the material is transferred 
as approximately spherical globules, much larger in 
diameter than the wire, and the transfer frequency 
ranges from nearly twice a second at the upper limit 
of feed rate, to much less at low feed rate, e.g. once 
every 2 s at 60 in./min. The globule size correspond- 
ingly varies from about ; in. to about } in. dia. Each 
globule can be seen to grow steadily on the end of the 
wire, particularly at very low feed rates, but the last 
stage, where a neck is formed and the globule is 
detached from the wire, is comparatively rapid and is 
not visually resolved; at this instant however a sharp 
pop or snap is heard. 

he oscillograms of arc voltage and current have a 
typical ‘saw-tooth’ wave form about the mean levels, 
each saw-tooth period corresponding to a material 
transfer cycle (see Fig. 2a). The main discontinuity 
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occurs when the pendant globule is detached from the 
wire and there is a sharp voltage peak at this point 
The oscillograms show that the arc current increases 
during each meiting period between transfers and this 
current fluctuation is sufficiently slow to be also 
shown by the ammeter. 

The effect of the infrequent transfer on the deposit 
is also shown in the longitudinal macrosection (Fig. 
2a). The penetration is negligible and the deposit may 
be easily broken from the plate. There is no crater as 
such and the arc plays on the deposited bead as well 
as the plate. At times the transferred globules tend to 
bunch into groups, but this is probably a surface 
tension effect, combined with the fact that with such 
long arcs the transfer may not be consistently in line. 
Normal Range (Wire Feed Rate greater than 115, less than 275 
in./min) 

In this range the material transfer itself is not 
visible except perhaps at the lowest feed rates, and the 


FEBRUARY, 1958 








NEEDHAM AND 




















60 T 1 
a 
Cee 
500 5 
&” 
2 
‘ FS as 

- 400 peer 

< ye) 

z 

& 300 

a 

Oo 

2 200 - 

oe "6 dia. pure aluminum 

z ooh 22V arc voltage 
100} -. | — 

< 
o> ; 
Oo 100 200 300 400 500 600 
WIRE FEED RATE , inymin 
Fig. 5—Effect of wire feed rate on average arc current. (Burn-off 


characteristic) 


wire is steadily consumed by the arc as fast as it is fed 
in, giving a steady average length from wire tip to 
plate. The visible arc length falls with increase in feed 
rate, but throughout this range the wire tip is above the 
plate level. Although the bead is surrounded with a 
typical non-adhering black deposit of finely divided 
aluminium, the bead itself is usually bright with a fine 
surface ripple, particularly for the higher feed rates 
(Figs. 1b, lc, and 1d). The are appears to surround the 
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Fig. 7—Effect of wire feed rate 


molten pool and gives a sputtered zone not—much 
wider than the bead. During arcing the molten pool is 
depressed and at high feed rates there is a deep hole 
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in the pool which fills in immediately at the end of a 
run. The end crater varies from convex at the low feed 
rates to concave but flush with the plate at the upper 
end (see longitudinal macrosections, Figs. 26, 2c, and 
Fig. 3a). 

Compared with the sub-threshold range, the fre- 
quency of material transfer is very much higher, and 
increases rapidly with increasing feed rate. From the 
oscillograms the frequency is found to be about 
30 c/s at the low end to upwards of 300 c/s at 
250 in./min feed rate. The calculated mean length of 
wire per transfer or mean diameter (cold) of the drop- 
let correspondingly varies from about 0-06 in. length 
of wire (or 0-08 in. dia. drop) at the low end to less 
than 0-02 in. of wire (or 0-05 in. dia.) at the high end 
(see Fig. 6b). 

The oscillograms of arc voltage and current are 
typically steady in mean value with a fine ripple super- 
posed as distinct from the saw-tooth form found in the 
sub-threshold range (compare Figs. 25 and 2c with 2a). 
The steady mean levels confirm that the equilibrium 
conditions are stable and for this range meter readings 
of arc voltage and current are accurate. At low feed 
rates the records clearly show short duration positive 
pips in the arc voltage (with corresponding dips in the 
current) and these pips are presumed to correspond to 
the instants of material transfer from the wire tip 
(Fig. 24). With increasing feed rates the ripple in the 
arc voltage becomes very fine, but that in the current 
substantially non-existent due to the circuit inductance 
(Fig. 3a). At the highest feed rate in this range the 
oscillograms show an occasional disturbance in the 
otherwise steady levels (Fig. 34), indicating that the 
equilibrium is becoming critical. 

From the macrosections, the penetration at the 
lower end of the normal range is shallow and bowl- 
shaped, but it steadily increases with increase in wire 
feed rate, despite the proportional increase in traverse 
rate. Towards the upper limit of this range the macro- 
sections show the formation of a central projection of 
extra penetration, here termed a ‘finger’, which is 
distinct at 250 in./min (see curve relating penetration 
with wire feed rate, Fig. 75) and a similar shape of 
curve is obtained for the fused area with increase in 
feed rate (Fig. 9a). The upper limit occurs around 
275 in./min when the process becomes critical, and the 
transition to ‘defective’ range begins. 


Defective Range (Wire Feed Rate greater than 275 in./min) 

At the lower end of this range the initial departure 
from smooth equilibrium conditions of the normal 
range is indicated by fluctuations in the visible arc 
length, and irregular blackening of the surface of the 
bead, which is no longer even but exhibits irregulari- 
ties (Figs. le and If). With increase of wire feed rate, 
noticeable plunging of the arc occurs, the wire tip 
alternately extending below the plate surface and 
burning back to expose the arc. Discontinuities in the 
deposit are produced by this behaviour, and the black 
condensate alongside the bead varies in extent. The 
crater is not completely filled in at the end of a bead 
(Fig. Lf and 3c) and the deep hole which is seen at the 
root of the arc is partly preserved. With further in- 
crease in the wire feed rate to 400 in./min the arc 
operates continuously below the plate level and the 
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deposited metal is turbulently swept back producing a 
bead that shows puckering, i.e. the deposit consists of 
blackened irregular folds. In contrast with lower wire 
feed rates, the crater at the end of a run is not filled in, 
and at the highest feed rates the crater is completely 
empty (Fig. 4). 

From the oscillograms the frequency of material 
transferred across the arc is upwards of 400 transfers 
second for the defective range and is only just resolved 
on E.M.0O. records. 

The progressive deterioration of the weld deposit 
with increase of wire feed rate is also indicated by the 
heavy fluctuations in the oscillographic records. At 
the beginning of the defective range occasional dis- 
turbances occur in the otherwise steady current record 
(Fig. 3b), and these become much more severe when 
the arc is ‘plunging’ (Figs. 3c and 4a). For the puckered 
deposits, these fluctuations appear to be continuous 
and possiibly a littke more regular (oscillograms 
Figs. 46 and 4c). 

Macrosections revealed changes in the characteristic 
defects with increase of feed rate. The onset of defects 
occurs around 275 in./min, when longitudinal macro- 
sections show occasional elongated holes situated in 
the basal region just above the finger. An increase of 
wire feed rate to 300 in./min results in the formation 
of semi-continuous elongated voids in the basal region 
of the weld bead, characteristically termed ‘tunnels’ 
(Fig. 3c). The bead surface, although slightly irregular 
(Fig. 1f), does not reveal these large voids but the 
open end of a tunnel is often seen in the solidified 
material which partly fills the crater. In the next stage, 
when the bead is partly broken up by the plunging of 
the arc, discontinuities are apparent in the bead sur- 
face (Fig. lg), and tunnels occur in the swollen 
portions of the weld bead. The puckered beads made 
at the highest feed rates contain massive oxide films 
with characteristic bright empty craters (Fig. 44). 
Throughout this defective range the penetration pro- 
gressively increases (Fig. 76) until at 550 in./min the 
arc is nearly cutting through the }-in. thick test plate. 
Although the area of fused plate still increase (Fig. 9a) 
with feed rate, the melted width decreases (Fig. 10) 
throughout the whole defective range, and well into 
the puckering stage, the maximum width of fused zone 
is greater than the width at the plate surface (see 
macrosection Fig. 4c), presumably because the arc 
Operates with the wire tip below the plate surface at 
these feed rates. 


DERIVED EXPERIMENTAL DATA 

Burn-off Characteristic 

In self-adjusting arcs, when the equilibrium condi- 
tions are established and the arc length is steady, the 
preset and constant wire feed rate is then the direct 
measure of the burn-off rate. (When the arc length is 
varying, as in the defective range, the wire feed rate 
indicates the average burn-off rate.) The current 
corresponding to any particular burn-off rate is auto- 
matically provided by the battery power source with 
its nearly flat output characteristic.? (A power source 
with a steeply drooping output characteristic could 
have been used but this would necessitate careful 
adjustment of the output to obtain the required current 
at the correct arc voltage for each burn-off rate.) 
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Figure 5 shows the general relationship between 
current and burn-off rate over a wide range of wire 
feed rate from the sub-threshold to defective ranges. 
Although the current was read on a sub-standard 
moving coil meter, it should be noted that meter 
readings are only reliable in the normal range where 
the oscillograms show that the current is steady. The 
meter gives a reasonable average, however, for the 
sub-threshold range where the current fluctuations 
are fairly regular, but in the defective range where the 
current is erratic the average meter reading is less 
significant. 

These limitations apart, Fig. 5 shows that the 
current is approximately proportional to the burn-off 
rate, but that there is a distinct discontinuity between 
the sub-threshold and normal ranges. Between the 
normal and defective ranges there is a less distinctive 
change. In these tests (Fig. 5), the average current 
(/, amperes) for a wire feed rate (W, in./min) is given 
by 


15/6 WU for the sub-threshold range 
l= W-+ 20 for the normal range 
and approximately /=5/6 W-+ 90 for the defective range. 
The transition between the sub-threshold and 


normal range requires an increase of 40 A for the same 
burn-off rate, 115 in./min. Thus, for the same wire feed 
rate, there are two different currents required, accord- 
ing to whether the material is to be transferred in large 
globules or small droplets. This transition is discussed 
more fully on p. 75. 


Material Transfer Size and Frequency 

In the sub-threshold range the individual transfer 
of large globules is clearly resolved and the frequency 
of transfer can be derived directly, or from the saw- 
tooth discontinuities in the oscillographic record 
(Fig. 2a). 

In the normal range at low wire feed rates, the 
transfer is just discernible but too rapid to estimate 
visually, but the frequency can be obtained from the 
sharp voltage pips in the oscillograms, e.g. Fig. 25. 
At higher feed rates the transfer frequency is too high 
to be easily measured from the E.M.O. records, such 
as Fig. 3a, and medium speed C.R.O. recording is 
necessary to distinguish the short duration voltage 
pips from the general arc voltage oscillations.* Some- 
times, at low feed rates, the material transfer appears 
to be somewhat irregular, as often two or three voltage 
peaks occur more closely spaced than the average. 
High speed photographyt has confirmed that these 
extra pips also correspond to material transfer. In 
these cases it appears that, immediately after the 
transfer of a droplet (possibly larger than average), 
the new wire tip, which forms from the neck of the 
previous droplet, is sufficiently fluid and disturbed to 
break up into further small droplets which are then 
transferred. With increase in feed rate this irregular 
spacing of the transfer is less apparent as the minimum 





* C.R.O. records taken since these tests were used to complete 
these data. 

+ High-speed ciné films of the arc and material transfer have 
been taken by the E.R.A. following these earlier investigations 
and the results will form the basis of a later report. 
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interval between transfers is then comparable with the 
average. Therefore, to avoid ambiguity, all voltage 
peaks have been counted in the following analysis of 
transfer frequency. 

On this basis, Fig. 6a shows the mean transfer 
frequency, for both the sub-threshold and normal 
ranges, plotted against the wire feed rate on logarith- 
mic scales. The mean globule volume, or length of wire 
per globule, is then given by the wire feed rate and 
transfer frequency and this is shown in Fig. 6b, also 
on a logarithmic scale. These two figures clearly show 
the large change in the material transfer between the 
sub-threshold and normal states. 

At very low feed rates the transfer frequency is 
approximately proportional to the feed rate, so that the 
globule volume is approximately constant (Fig. 6d). 
The limiting value, which probably represents the 
largest globule that can be supported by the surface 
tension, contains about 2-4 in. of the 4-in. dia. wire 
per globule. In this low range the arc appears to be 
merely melting the wire, and the transfer frequency is 
directly governed by this maximum globule size and 
the wire feed rate. Microsections taken for porosity 
determinations revealed that the globules consist of 
solid material. 

Above about 80 in./min the transfer frequency 
increases a little more rapidly than the feed rate with a 
corresponding decrease in the mean globule size (Figs. 
6a and 66), i.e. the globule is detached before it has 
reached the maximum possible size. As the transition 
point is approached the transfer frequency rapidly 
increases with the feed rate, and is nearly doubled 
between 100 and 115 in./min. At this point, when the 
arc changes to the normal type, the transfer frequency 
suddenly increases more than tenfold for the same 
feed rate. The material transfer is then not visually 
resolved and is often referred to as a ‘spray’, but it is 
still in the form of discrete droplets, as has been shown 
by high-speed photography.* 

With a different power-source characteristic, the 
sub-threshold type transfer can be maintained for 
slightly higher feed rates up to about 130 in./min as 
shown by the dotted line in Figs. 6a and 6b. However, 
even with this short overlapping range of feed rate, 
where the material can be transferred either as com- 
paratively large globules or as small droplets, there 
seems to be no stage where globules are transferred of 
intermediate size, i.e. which contain between 0-1 and 
0-5 in. of wire per transfer. This disagrees with data 
published by Muller et a/.4 where a continuous curve 
is Shown between the large and small globule transfer. 

In the normal range the transfer frequency, F, 
increases very rapidly with increase in the wire feed 
rate, W, and is approximately given by 

F=4:3x 10-* w** 


(the multiplying constant derived depends greatly on 
the index taken for the wire feed). 

This also means that the average length of wire per 
transfer, or droplet volume, is decreasing somewhat 
more rapidly than the square of the feed rate. Thus at 
the low end of the normal range the so-called spray 
transfer is relatively coarse (+ in. of wire per droplet) 
but at the upper end it is equivalent to less than 0-02 in. 
of wire per transfer (Fig. 6d). 
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In the defective range, according to the oscillo- 
grams, the transfer frequency does not become very 
much higher, but as the material transfer is more 
irreguiar in general behaviour and the voltage pips are 
less distinctive than for the normal range, it is not 
possible to obtain a significant reading of the average 
frequency. The fluctuation in average transfer charac- 
teristics is associated with the heavy current surges 
which occur under these conditions (see oscillograms, 
Fig. 4). It appears, however, that for most of the defec- 
tive range the transferred material corresponds to 
about 0-013 in. of wire and that at the highest feed 
rate examined, when arc cutting conditions are 
approached, the material transfer is still a copious 
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Fig. 9—Effect of wire feed rate 
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spray of fine droplets of about 0-01 in. of wire rather 
than a continuous vapour stream. 


Visible Arc Length and Penetration 

The visible are length, L,, or the length of arc above 
the plate, decreases at constant arc voltage as the wire 
feed rate (current) is increased, as illustrated in Fig. 7a. 
Measurements below 125 in./min and in the sub- 
threshold region refer to different arc conditions when 
the arc is disturbed by the transferring globule. From 
300 in./min and up to 400 in./min no reliable measure- 
ments are possible because of fluctuations in arc 
length to zero (plunging), whilst above 400 in./min the 
arc Operates with the wire tip continuously below the 
plate level and measurement is impossible. The solid 
curve in Fig. 7a, therefore relates to steady arc condi- 
tions and corresponds to the range used in general 
welding practice (150 to 300 A). 

Penetration is negligible in the sub-threshold range 
but above 125 in./min, as the visible arc is decreasing 
the penetration increases (Fig. 75) with increase of 
wire feed rate. This occurs in spite of the proportional 
increase of traverse rate with feed rate. The hump in 
this curve at 250 in./min corresponds to the appear- 
ance of the finger (Fig. 3a), when the basal projection 
is a significant extension from the bowl. The dotted 
curve in Fig. 7b traces the depth of penetration mea- 
sured to the bowl, before the bead shape becomes to 
irregular at high feed rates. The relation of penetration 
to arc length below the plate is discussed later. 


Fused Area and Bead Width 

The average measurements of the salient dimensions 
of the beads made in this work are represented 
graphically in Figs. 9 and 10. 

In all these tests the amount of deposited material 
was arranged to be constant by proportionally in- 
creasing the traverse rate with wire feed rate. Metallo- 
graphic sections confirmed that the theoretical value 
for the reinforcement area, 20 mm,” is substantially 
correct for feed rates below 300 in./min (Fig. 9d). 
Above 300 in./min, voids occur in the deposit and their 
presence is reflected by an increase in the reinforce- 
ment area. Above 400 in./min, the measurement of 
reinforcement is meaningless because of puckering. 

Due to the increase of traverse rate with feed rate 
the energy input per inch of plate is approximately 
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constant (about 15 kW-s/in.) but in spite of this, the 
area of fused zone increases with feed rate (current) as 
shown in Fig. 9a. This curve represents, therefore, the 
increase of melting efficiency of the process with in- 
crease of feed rate. This is presumably partly due to 
the reduced radiation losses with an arc that is below 
plate level at high feed rates, but mainly because the 
heat dissipation in the plate is relatively less for high 
traverse rates. 

The variation of the melted width at the plate sur- 
face is given in Fig. 10 for the normal and defective 
ranges. This shows a rapid increase of width up to a 
maximum at approximately 225 in./min followed by a 
gradual decrease. This concentration of the arc is in 
agreement with the known cutting action of the arc at 
high feed rates and indicates a limiting value of 5 mm 
to the minimum width of cut. 


DISCUSSION 

Sub-threshold Transfer and the Transition to the Normal Range 

It appears that, in the sub-threshold range, the wire 
is merely melted back to form large globules which are 
then transferred when some critical size is reached. 
There is a maximum limiting size for very low feed 
rates, and the globule size reduces with increase of 
feed rate. It is suggested that this reduction is a func- 
tion of the square of the feed rate (or current, which is 
dependent on the feed rate). This leads to a simple 
expression for the sub-threshold transfer, which, with 
suitable constants, fits the experimental curves very 
well over a wide range, viz.: 


L=K—K, W? 


where L is the length (in.) of wire per transfer, W the 
wire feed rate (in./min) and A,K, are 2-42 and 
10x 10°* respectively to satisfy the experimental 
results. The time interval T (s) between the transfers 
follows directly and is given by 

1-45 « 10? 


eS ee 


10-° W. 

It is interesting to note that these formulae have a 
limiting feed rate (about 150 in./min) above which they 
become meaningless, but the fact that at this stage the 
mechanism of metal transfer through the arc has 
already changed to a new form may be coincidental. 

The change in transfer characteristics is thought to 
be caused possibly by changes at the electrode rather 
than as an inherent arc effect. 

In the sub-threshold range, particularly at very low 
feed rates, the molten globule appears to be contained 
in a tenuous skin, presumably the oxide film, which is 
preserved even after transfer and retains the molten 
material as a ball until it freezes on the plate. Now it is 
postulated, although there is no direct evidence, that 
for the normal range this oxide film is disrupted and 
liquid aluminium of a much lower surface tension is 
then freely transferred in small droplets. This could 
account for the large discontinuity in transfer size and 
also for the fine black deposit (presumably condensed 
aluminium vapour) which is present in the normal but 
not in the sub-threshold range. Another indication of 
changed conditions is the increase in current required 
to give the same burn-off rate. 
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The transition between the two ranges is also 
slightly affected by power-source characteristic. In the 
sub-threshold range, with a power source giving a 
substantially flat output characteristic, although the 
arc voltage is held virtually constant, the arc current 
increases between each transfer of the large globules. 

To attenuate this effect, a power source with a more 
steeply drooping output characteristic was tried. It 
was found that when the open-circuit voltage was 
about double the arc voltage and using a controlling 
resistance to give the required drooping characteristic 
the increase of current between transfers was largely 
suppressed. With the flat power source, due to the 
increasing current characteristic, the maximum feed 
rate possible (before the transition to the normal 
range occurs) is about 115 in./min, but with the more 
steeply drooping source and the steadier current it was 
found that the feed rate could be raised to over 125 
in./min and still maintain the sub-threshold transfer. 


Defects and Departure from Normal Range 

The transition from the normal to the defective 
range with increase of feed rate is not so clearly marked 
as the lower transition from sub-threshold to normal. 
The clue to the imminence of the defective range is 
provided by the metallographic specimens, because 
just before the defective region has been reached, the 
penetration finger becomes pronounced. This occurs 
in the upper limit of the normal range with no actual 
defects occurring in the bead deposit under the parti- 
cular test conditions. This upper region is critical, 
however, since the alteration of certain variables 
(noticeably torch angle and arc voltage) can influence 
the production of defects in the weld bead. 

Some significance is attached to the finger because, 
apart from immediately preceding a range of feed 
rates when internal voids are common, its presence 
must reflect some change in the nature of the arc. The 
extra projection from the smooth bowl shape of the 
fused area is good evidence of a higher energy core to 
the arc or greater central arc ‘force’. Further, the 
excessive turbulence which occurs in the weld pool at 
high feed rates (high current), causing tunnelling voids 
and ultimately puckering, represents complete deteri- 
oration of welding characteristics due to excessive arc 
‘force’. Attempts to identify the formation of the 
finger with changes in the arc have been made spectro- 
scopically.* Preliminary work suggests that an in- 
tensification of the central arc region may occur at 
high current. 

The first defects to be encountered with increasing 
feed rates are elongated internal holes or tunnels. 
These defects are most probably a result of the turbu- 
lence caused by the increase of arc force. Further 
increase of feed rate and current results in molten 
material being swept backwards into areas of im- 
perfect argon coverage, as indicated by oxide on the 
surface of the bead. When the feed rate is sufficiently 
increased such that most of the molten material is 
swept backwards into contaminated argon peripheries, 
the bead has deteriorated into puckering. 

The exact cause of the onset of puckering has not 





* Preliminary tests in collaboration with Mr. L. A. King of the 
Electrical Research Association. 
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yet been established and further work will be needed. 
A few ad hoc tests were made at constant voltage to 
investigate the effect of torch angle on the onset of 
defects. These tests showed that tunnelling could be 
induced for a torch angle of 80° backhand at feed 
rates that do not exhibit defects at the test condition of 
80° forehand. Conversely, when considerable tunnel- 
ling occurs in the beads at 80° forehand, the increase 
of torch angle to 60° forehand results in considerable 
improvement with only minor voids occurring. The 
effect of torch angle, apart from altering the conditions 
of argon coverage, is visualized as either reinforcing or 
diminishing the resultant wash back of molten material 
from the leading edge of the weld pool. 


Are Length and Arc Characteristic 

The true arc length cannot be measured directly 
except when there is negligible penetration because, 
although a projected image of the arc may readily be 
recorded and estimated to within 4 mm, there appears 
to be a fraction of the arc below the plate level in a 
crater travelling with the visible portion of the arc. 
The measurement of visible arc length alone has been 
made by American investigators, but such results may 
not be applicable to the derivation of arc charac- 
teristics. 

Earlier experiments with fine wire probes embedded 
in the plate suggested that the extension of the arc 
below the plate is nearly equal to the penetration in 
etched macro-specimens. Further evidence to sub- 
stantiate this belief is afforded by the crater hole left 
at the end of a bead made at high feed rate, see Fig. 4b. 
Obviously the arc cannot extend beyond the fused zone 
and, because most of the molten material has been 
swept out of the travelling crater by the arc and only a 
thin skin of molten material remains, it appears that 
the arc must extend substantially to the limit of the 
fused zone. Fusing of the plate material by heat flow 
is limited with the steep thermal gradient at the crater 
periphery and should not add appreciably to the 
apparent arc depth. Therefore, regarding the pene- 
tration depth as a measure of the maximum possible 
depth of the arc in the plate, the ‘total arc length’ may 
be defined as the sum of the visible arc length (L,) 
and the penetration depth (L,). This total is sketched 
in Fig. 8 for a given arc voltage over the range of feed 
rate corresponding to the range of current used in 
general welding practice, i.e. 150-300 A. The reduc- 
tion of the visible arc length is also indicated, the 
difference being the penetration depth. The dip around 
225 in./min may be significant but, apart from this 
trend, the total arc length is approximately constant. 

Measurements involving the visible arc length alone 
have been made by Tuthill,® who has suggested that the 
arc characteristic is rising, so that “for a given voltage 
the are length will decrease with increase of current, or, 
to maintain a constant visible arc length the voltage 
drop across the arc must increase as the current 
increases”. This has formed the basis for the so-called 
rising-characteristic power source discussed in Ameri- 
can literature. In terms of visible arc length alone then, 
as indicated from Fig. 7a, the arc voltage should be 
increased with increasing wire feed rate to hold a 
constant visible length. But since the penetration also 
increases with feed rate (Fig. 75) there is likely to be an 
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increasing fraction of the are below the plate level. 
Therefore, if the arc voltage is increased to maintain 
a constant visible arc length, then the ‘total arc length’ 
will have been increased. 

CONCLUSIONS 

(1) There is an intimate connection between the pre- 
set constants, the electrical characteristics, and the 
resultant bead deposits. 

(2) There are three distinct ranges associated with 
increasing wire feed rate, viz.: 

Sub-threshold 
saw-tooth wave form to the arc current 
welding 

Normal—rapid transfer of small droplets, steady current and 
arc voltage with fine ripple—suitable for welding 

Defective—heavy current fluctuations with large internal 
voids and oxide films in the deposit—turbulent arc unsuit- 
able for welding. 

(3) The current increases linearly with feed rate 
except for a 40°, increase at the transition from sub- 
threshold to the normal range. 

(4) The volume of material per transfer reaches a 
maximum at low feed rates but decreases as the 
transition to the normal range is approached and then 
changes more than tenfold at the transition. There- 
after the volume decreases approximately as the square 
of the feed rate. 

(5) Under the specific test condition used here 
(;-in. dia. GJIC aluminium wire, 80° forehand, 22 V, 
arc d.c. positive in argon, nozzle dia. » in.) the working 
range for bead-on-plate runs is limited to about a two- 
fold change of wire feed rate (130-270 in./min) or 
current (150-300 A). Departure from this working 
range is likely to be achieved by suitable alteration of 
the test constants. 

(6) In the normal range the visible arc length de- 
creases at constant arc voltage with increase of wire 
feed rate, but the penetration depth increases. The 
sum of the visible arc length and the penetration depth 
is roughly constant for the working range. 

(7) The puckered deposit found at very high feed 
rates is preceded by the formation of large internal 
voids or tunnels in the base of the weld bead. These 
occur after the development towards the end of the 
normal range of a finger of extra penetration. The 
transition to the defective range is therefore not 
immediately apparent on the bead surface. 


intermittent transfer of large globules and a 
unsuitable for 
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The Pressure Welding 


IN THE RANGE 0:50 


of Iron—Carbon Alloys 


19% CARBON 


By ]. F. Robinson and R. F. Tylecote 


SYNOPSIS 

Tne pressure weldability in a hydrogen atmosphere of three 
iron—carbon alloys was investigated at temperatures ranging 
from 805° to 110¢° C. The alloys used contained 0°48 %, 
0°83 %, and 1°88 % carbon, the presence of all other alloying 
elements having been avoided as far as possible. A series of 
welds was made using various welding pressures and deforma- 
tions at each welding temperature, and the welds produc ed 
were subjected to tensile testing. An additional series of welds 
was made at the same temperatures, and was examined 
metallographically. 

The results showed that all of the alloys used could be 
satisfactorily pressure welded, using strength, ductility, and 
micro-structure as criteria of weld efficiency. The necessary 


conditions for the production of good pressure welds are given. 


Introduction 


REVIOUS investigations have shown that low- and 
Pp medium-carbon steels can readily be pressure 
welded, and the conditions necessary for the 
production of good welds have already been pub- 
lished.*~* However, up to the present time there has 
been no record of any attempt to pressure weld high- 
carbon hypo-eutectoid and hyper-eutectoid iron- 
carbon alloys. Esser* pressure welded a series of fairly 
pure iron-carbon alloys with carbon contents ranging 
from 0-:06% to 0-75°%, and his results showed that, 
using a constant welding pressure, the temperature 
range for good welding decreased with increasing car- 
bon content. He suggested that the temperature range 

Manuscript received 11th April, 1957. 

Mr. Robinson is a research student in the Department of 
Metallurgy, and Dr. Tylecote is a Lecturer in Metallurgy, at 
o University of Durham, King’s College, Newcastle-upon- 

yne. 





would decrease with increasing carbon content up to 
1:6°% carbon, at which it would become zero, and 
that in practice the limiting carbon content could be 
fixed at about 0-4-0-5°%,. 

The present investigation was undertaken since it 
was difficult to visualize any reasons for the limitations 
which Esser suggested, and also because pressure 
welding, if it were possible, might be a more satis- 
factory method of welding steels having ‘equivalent 
carbon contents’ greater than about 0-4%. 


EXPERIMENTAL PROCEDURE 

Three alloys, A, B, and C, were made in a small 
carbon-arc furnace, and were hot-rolled and machined 
to }-in. diameter bars. The alloys had the compositions 
and mechanical properties given in Table I. Micro- 
scopic examination of the alloys showed oxide par- 
ticles, which are visible in the micrographs. Their 
presence was inevitable, since it had been decided that 
no deoxidants should be used, in order to minimize as 
far as possible the amounts of the impurities in the 
alloys. 

The pressure welding apparatus (see Fig. 1) was 
designed so that the surfaces to be welded were heated 
in an atmosphere of hydrogen, thereby preventing the 
formation of oxides on the welding surfaces. The 
stainless-steel specimen holders are thermally insu- 
lated by means of asbestos discs from the pressure- 
applying part of the apparatus, which is situated 
outside the furnace tube. Each specimen holder is 
fastened to a pressure-applying part, without making 
metallic, and therefore thermal, contact with it, by 
means of three screws having heads positioned within 
the asbestos discs. A steel tube is situated on the 
bottom specimen holder, thereby enclosing the un- 
welded specimens in a small space which is easily 


Table I 


COMPOSITIONS AND ‘AS-HOT-ROLLED’ PROPERTIES OF IRON-CARBON ALLOYS 


























Composition, 
Alloy U.T.S., Elong. on 
G Si S P | Mn tons in® 0-45 in., % 
A “048 =| 0-089 0-010 — 0021 ax tl ee i eee 
B 0-83 0-092 0-011 0-023 0-01 52 19 
Cc 1-88 0-089 0-101 0-022 | 0-01 53 5 
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Table Il 


RESULTS OF WELDING TESTS 





Alloy 


(0-48°, C) 


(0-83 °% C) 


(1-88°% C) 





Welding | 
Temp., | 
: | 
930 
1015 | 
ois | 
930 
1015 
1015 | 
1105 
1105 | 


805 
930 
1015 


1105 
1105 
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Weld Properties 
O73... Elong. Efficiency 
tons/in* on 0-45 in., Fracture (on U.T.S.), 
Smooth 
4 Smooth } 71 
1%. . 
26°7 3 } Crystalline} 
31-4 5 Crystalline | 82 
15-1 Negligible Smooth 35 
8-9 2 Smooth 17 
4 Smooth } 38 
5 f. — | 
sai ; \4 Crystalline} | 
27:2 8 Crystalline 52 
458 15 Crystalline 88 
3-2 Negligible Smooth 6 
5-9 Negligible Smooth 11 
13-1 Negligible Smooth 25 
* {t£mooth | | 38 
199 2; \}? Crystalline) | 
43-4 a Crystalline | 82 

















purged free of air by hydrogen. An annular groove in 
the upper specimen holder prevents it from fouling the 
steel tube as it descends during the application of the 
welding pressure. The heating is done by an electric 
tube furnace, and the welding temperature is measured 
by a thermocouple attached to the weld specimens and 
passing down through the bottom specimen holder to 
i millivoltmeter 

Two series of pressure welds were made, the first for 
machining into standard tensile test pieces and the 
second for metallographic examination. The surfaces 
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Fig. 1—Vertical section through the centre of the apparatus 
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to be welded were ground flat and de-greased with 
carbon tetrachloride. The specimens in the first series 
were 4 in. dia. and 1} in. long. The change in diameter 
produced by the welding process was used to calculate 
the percentage increase in diameter, which is a 
measure of the welding deformation and is defined as 
follows: 





[=e Diameter — Initial _—____f) 


Final Diameter 100 


% Inc. in Dia. 
When the unwelded specimens had been placed in the 
apparatus and the furnace tube had been purged free 
of air, the hydrogen was ignited at the top of the 
furnace tube and the heating current switched on. As 
soon as the desired welding temperature was reached, 
the butting pressure was applied and then both the 
furnace current and the hydrogen supply were turned 
off. When the weld had cooled to room temperature, 
the apparatus was dismantled, the welded specimen 
removed, and the diameter at the weld interface 
measured. The total time taken was from |} to 2 h. 
For the first series, several pressure welds were made 
using different welding pressures and deformations for 
each alloy at each of four different welding tempera- 
tures, which were 805°, 930°, 1015°, and 1105°C. The 
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Fig. 2—Tensile test-piece 
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Arrows indicate weld interface 


Fig. 3—Weld made in 0-48°,, C alloy at 930°C « 1500 


welds produced were machined to standard tensile test 
pieces (Fig. 2) and tested. The tensile test results from 
these welds were compared with those obtained from 
unwelded material in the ‘as rolled’ condition. 

The second series of welds were made in the same 
way as the first. Welds exactly similar to those of the 
first series were made, and in addition welds were also 
made between the different alloys, i.e. A to B, A to C, 
and C to B. All such welds were then sectioned at right- 
angles to the weld interface, polished, and etched in 
3°, nitric acid in alcohol. 

RESULTS 

The results of the tensile tests are summarized in 
Table Il for each welding temperature. When the 
fractures were smooth they always occurred at the 
original interface. The weld efficiencies are worked out 
on the basis of the U.T-.S. of the original alloy in the 
as-rolled condition. 
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Arrows indicate weld interface. 


Fig. 4—Weld made in 1-88°, C alloy at 930°C and maintained 


at this temperature for 2 h « 1500 
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Arrows indicate weld interface 


Fig. 5—Weld made in 0-48°, C alloy at 1015°C (a) « 500 and 
(b) x 1500 


All the welds made at and below 930°C showed very 
little adhesion, and the position of the original inter- 
face was made clearly visible by voids and oxide 
particles. Figures 3 and 4 show sections through welds 
made at 930°C in alloys A and C respectively. During 
the production of the weld shown in Fig. 4, the welding 
temperature was maintained for 2 h, and this has given 
rise to complete globularization of the pearlitic cemen- 
tite. The microstructures of welds made in alloy B are 
not shown, as the only difference between these and 
those made in alloy A was that the former contained 
no ferrite. In the welds shown in Figs. 3 and 4 it can 
be seen that no grain growth has occurred across the 
original interface. The welds made at 930°C between 
alloys A and B, B and C, and A and C all showed 
diffusion of carbon across the interface, thereby reduc- 
ing the steepness of its concentration gradient. Thus, 
owing to the diffusion of carbon after welding, the 
compositions at the position of the original interfaces 
were hypo-eutectoid in welds between A and B, and 
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(b) 





Alloy C (1°88% C). Arrows indicate weld interface. Alloy B (0-83°, C) 


Fig. 6—Weld made between alloys B and C at 1015°C (a) « 500 
and (+) « 1500 


between A and C, and hyper-eutectoid in those be- 
tween B and C. In the welds made at 930°C between 
alloys B and C, the fact that no austenite grain growth 
had occurred across the welded interface was con- 
firmed by the precipitation along it of secondary 
cementite, on cooling from the welding temperature. 

Welds made in alloy A at 1015°C (Figs. Sa and 5d) 
showed that some austenite grain growth had occurred 
across the interfaces. These interfaces were, however, 
still made clearly visible by the existence of voids, un- 
dissolved oxide particles, and many grain boundaries 
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Arrows indicate weld interface 


Fig. 7—Weld made between 0-48°, C and 1-88°, C alloys at 
1015 C « 1500 


along them. The welds made at this temperature in 
alloy B were identical with those in alloy A, except for 
the absence of ferrite grains, just as in welds made at 
930°C. The welds made in alloy C at 1015°C, like those 
in alloys A and B, showed little trans-interfacial grain 
growth, and in the case of this hyper-eutectoid steel 
this was confirmed by precipitated cementite along the 
interface. A weld made at 1015°C between alloys B and 
C is shown in Figs. 6a and 64, and one between alloys 
A and C in Fig. 7. In both these welds there has been 
very little grain growth across the interface, which is 
again clearly indicated by voids, oxide particles, and a 
preponderance of grain boundaries. The lack of trans- 
interfacial grain growth in the weld shown in Figs. 6a 
and 7 is again proved by the precipitate of cementite 
along the weld interface. In the case of Fig. 7, diffusion 
has caused the weld to have the same hypo-eutectoid 
composition on both sides of the interface. 





Arrows indicate weld interface 


Fig. 8—-Weld made in 1:88", C alloy at 1105 C 100 
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Alloy C (1-88 °% C). Arrows indicate weld interface. Alloy B (0°83 °% C) 


Fig. 9—Weld made between alloys B and C at 1105°C 


Microscopic examination of welds made at 1105°C 
showed that grain growth had occurred across the 
whole interface, which had, as a result of this, been 
completely removed. All the alloys had suffered some 
grain coarsening, but this was least marked in the case 
of welds in alloy C (Fig. 8). A weld made between 
alloys B and C is shown in Fig. 9, and the normal 
grain-boundary precipitation of cementite shows 
clearly that complete trans-interfacial growth of 
austenite grains has occurred. 

DISCUSSION OF RESULTS 

The hydrogen atmosphere used in the production of 
these welds has greatly diminished, by the reduction of 
the oxides of iron, the amount of deformation neces- 
sary to produce 100°, area of intimate contact. The 
conditions here approximate to those occurring in the 
welding-up of internal defects in forgings and blow- 
holes in rimming steels. If these alloys were to be 
welded in air, or any other oxidizing atmosphere, 
much greater welding deformations would be required 
in order to produce good welds. 

All the welds made at 805° and 930°C, and many of 
those made at 1015°C, gave a smooth fracture at the 
original interface when subjected to tensile testing. 
This was due, in cases where low welding deformations 
were used, to low percentages of intimate contact; 
however, where larger welding deformations were used 


a different explanation is required. Previous workers®:*® 
have postulated the presence of sub-microscopic voids 
along the welded interface in order to explain the 
mechanical weakness at this position. In the present 
investigation, however, smooth fractures were always 
obtained when microscopic examination showed that 
no trans-interfacial grain growth had occurred, and 
conversely, when such grain growth was complete the 
fractures were completely crystalline. Furthermore, all 
welds having high weld efficiencies also showed com- 
pletely crystalline fractures. It is therefore suggested 
that complete trans-interfacial grain growth is neces- 
sary for the production of welds having mechanical 
properties approaching very near those of the un- 
welded alloy. This result is in close agreement with 
that which Kinzel® obtained in the welding of some 
commercial low- and medium-carbon steels. 
Increasing the welding temperature did not decrease 
the flow resistance of each alloy by the same amount, 
the greatest decrease being obtained with alloy C. At 
1105°C, alloy C had a lower flow resistance than either 
of alloys A and B, whilst at 930°C the reverse was true. 
Thus, at 1105°C, hyper-eutectoid alloys are easier to 
pressure weld than those of hypo-eutectoid composi- 
tion. The relatively greater decrease in flow resistance 
for a certain increase in temperature in the case of 
higher-carbon steels is well known.’ It is probably due 
to the fact that, for a given increase in temperature, the 
higher-carbon alloys approach their liquidus tempera- 
tures more closely than those of lower carbon content. 


CONCLUSIONS 


(1) Iron-carbon alloys with carbon contents up to 
at least 1-88°, are readily pressure welded. 

(2) In a hydrogen atmosphere, pressure welding may 
be carried out with an increase of area of the order of 
20°%, compared with 100°, which is necessary for 
welding in air. 

(3) Trans-interfacial grain growth is a necessary 
condition for a good weld. 

(4) The markedly lower flow resistance of the 
1-88°% C alloy at 1100°C permits welding with a 
smaller increase of diameter and pressure than for the 
0-83 C alloy. 
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Policy of the Institute of Welding 


The Council has recently completed a thorough review of the policy to be pursued by the Institute in 
the immediate future. Certain amendments of the Articles of Association, which the Council recommends, 
are already in the hands of corporate members. The following statement, published for the information 


of all Classes of membership, summarizes the objectives which the Council is seeking to attain over the 


next five vears. 


OUTLINE OF POLICY 


The aim of the Institute is to advance the science and practice 
of welding and the processes allied to it. 

The function of the Institute is technical education, to ensure 
that those who are engaged in the application of welding and 
the allied processes at all levels and at all stages of production 
shall have the technical knowledge and understanding required 
to obtain the full advantages which the processes can yield. 

This function involves an organization, intimately correlated 
with the British Welding Research Association, to collect, sift, 
systematize, and distribute technical information, through (1) 
meetings and conferences, (2) publications, (3) courses of 
instruction, (4) a library and technical information service, (5) 
co-operation in the formulation of standards, codes of practice, 
and official regulations, and (6) the maintenance of corporate 
membership as a proof of professional competence at an ascer- 
tainable level, gradually rising. 

In order to sustain and develop the foregoing services, the 
Institute needs to increase its membership and its subscription 
income. The aim is to reach a total membership of 5500 (5000 
persons, and 500 companies and firms) by the end of the year 
1962-63. Part of this increase will be sought among the processes 
allied to welding. 

Over this period it will be necessary to supplement the sub- 
scription income from (1) donations and special subscriptions 
and (2) the income derived from rents, publishing, and instruc- 
tion courses. The Institute aims to dispense with such supple- 
mentary income as soon as it has an adequate subscription 
income. 
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Other objectives of the next five years are: 

1. To improve and enlarge the British Welding Journal; to 
complete and publish the remaining volumes of the ‘Design 
Handbook’ and to provide for its periodical revision; to 
compile and publish short, practical booklets, information 
sheets, and data sheets. 

2. To develop the School of Welding Technology, and to co- 
operate with universities and technical colleges in the provision 
of welding instruction. 

3. To reorganize the Library and Information Service as a 
unit, under the supervision of the Technical Officer and in effec- 
tive integration with the publishing and teaching activities. 

4. To complete the equipment and furnishing of the head- 
quarters premises, so as to promote the efficiency of the whole 
organization and derive the maximum advantage for the Institute 
from the building. 

5. To maintain and, as found opportune, to raise the technical 
qualifications for individual corporate membership, while giving 
due weight to experience and standing in industry; to keep 
industry informed of the qualifications held by members; and to 
associate with the Institute all who are interested in welding and 
the allied processes. 

6. To secure for members and for industry generally increas- 
ing advantage from British participation in the work of the 
International Institute of Welding, by improving the services 
rendered to the British delegation, which expresses British opi- 
nion and safeguards British interests within I.1.W. 
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The constitution of the Institute has been carefully over- 
hauled and amended with the aims (1) of ensuring that all busi- 
ness arising from the numerous activities of the Institute shall be 
despatched as speedily as is consistent with adequate examina- 
tion and discussion by the standing committees of Council; and 
(2) of spreading the load of the Presidency by increasing the 
number of Vice-Presidents and retaining on the Council as 
advisers those who have passed the Chair. 


““New Developments in Welding Processes and 
Applications” 


This is to be the general theme of the Autumn Meeting this 
year, and the Programme Committee invites offers of papers 
from members and member companies on aspects of the subject. 

The papers will be needed by the middle of May, to permit 
preprinting in the Journal. Members who intend to offer papers 
are asked to write to the Secretary as soon as possible, giving a 
provisional title and preferably also a short synopsis. 


First Annual Lecture 


The Institute’s first Annual Lecture will be given at 54 Princes 
Gate on Wednesday, 12th March, at 6.30 p.m. The lecturer will 
be Sir Alfred Pugsley, F.R.S., and his subject will be “The 
Influence of Welding on Structural Design’’. 


School of Welding Technology 


The programme announced in the January issue of the 
Journal has been amended. It has been decided to hold a course 
on the Design and Construction of Welded Structures from 14th 
to 18th April, instead of the refresher course for technical 
college teachers. The latter is among courses to be offered after 
September, 1958. 


Spring Meeting at Harrogate 


As already announced in the January issue of the Journal, the 
Spring Meeting this year is to be held at Harrogate from 8th to 
10th May. Provisional arrangements have also been made to 
hold a golf tournament at the Oakdale Golf Club on the after- 
noon of Wednesday, 7th May, and members who are interested 
in participating in this should let the Secretary know as soon 
as possible. 


Furnishing and Mortgage Redemption Fund 


The President and Council gratefully acknowledge the follow- 
ing additional contributions received in response to the Presi- 
dent’s Appeal: 

£5 5 © Burnett-Bels and Co., Ltd. 

£5 W.H. Langford, Allan J. Marr 


£2 12 6 AlanS. Bartlett 

£2 2 0 H. Gomersall 

£2 H. Colgate, J. Cullin 

fi i 0 H. Clayton 

£1 E. Hood, G. Gordon Musted, W. B. Turner 
12s. E. Hardwick 

10s. D. Worthington 


The total amount received or promised, including tax recover- 
able, was on 3rd January, 1958, £3077 5s. 3d. 


Council Member Honoured 


Mr. E. F. Burford, a Member of the Council of the Institute, 
was awarded an M.B.E. in the New Year Honours List. 


BRANCH NEWS 


Birmingham Branch Annual Dinner 
The Annual Dinner of the Branch was held on Sth December, 


and was attended by some 250 people. Proposing the toast of 


“The City of Birmingham”, Mr. John Strong reflected on his 
associations with the city as a young man. The reply was made 
by the Lord Mayor of Birmingham, Alderman J. J. Grogan. The 
Branch President, Mr. J. G. Williams, responded to the toast of 
the Institute, given by Mr. Ayers. The Chairman, Mr. W. R. 
Harper, welcomed the guests, and Mr. W. Semple, responding, 
emphasized the need for more people to become interested in 
welding. After the formal part of the Dinner was over, ample 
time was given for the guests to intermingle and discuss social 
as well as welding problems. K.P. 





Birmingham Branch Dinner on 5th December. Left to Right: The Branch 

President, Mr. J. G. Williams, the Branch Secretary, Mr. J. R. Merther, the 

Vice-President of the Institute, Mr. John Strong, the Branch Chairman, 

a W. R. Harper, and the Lord Mayor of Birmingham, Alderman J. J. 
rogan. 
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Birmingham—Lecture on Hard Facing 

A most informative talk was given on 22nd November by 
Mr. M. Riddihough, on the various methods and processes used 
in hard facing. The speaker mentioned the atomic hydrogen, 
argon-arc, submerged-arc, metal-arc, and oxy-acetylene pro- 
cesses in detail, stressing the need for the careful choice of the 
right process in relation to the work in hand. It was pointed out 
that dilution by the base metal of the hard-surfacing material 
being deposited should be most carefully watched, and several 
techniques were mentioned for overcoming serious dilution. 
Several of Mr. Riddihough’s statements were illustrated by the 
excellent film which he showed after his talk. 


Leeds and District—Annual Dinner 

Some 140 members and guests attended the Annual Dinner of 
the Branch on Sth December. The toast of the Institute was pro- 
posed by the Lord Mayor of Leeds, Alderman Joseph Hiley; 
the theme of his speech was education for industry, and he 
referred to the part the Institute is taking by running specialized 
courses. Mr. Robert Jenkins, who replied, dealt with the need 
for industry to support the Institute, and went on to point out 
the success of the School of Welding Technology. The toast of 
the guests was proposed by the Branch President, Mr. A. E. 
Rose, and was replied to in a very amusing speech by the Rev. 
R. H. Talbot, Vicar of St. Edmund’s, Leeds. 

The experiment of cutting the speeches very drastically, to give 
members and their friends ample time to use the occasion as 
something of a social gathering, was a great success and will be 
adopted for future occasions. E.E.B. 


South London—W elders’ Qualifications 

At a meeting of the Branch on 12th December, a most in- 
teresting lecture on ““Welders’ Qualifications’’ was given jointly 
by Mr. H. Constantine, who dealt with arc welding, and Mr. 
L. B. Smith, speaking on gas welding. 

The speakers largely agreed on the selection of the man or 
woman for training: generally speaking, physical fitness and 
good eyesight are required, and there must be a responsible 
attitude to work. The training should give a basic knowledge of 
the materials to be handled, and of the effect of alloying elements 
in parent and filler metals. Joint design should be introduced, so 
that the welder would know the good basic designs. 
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On the gas welding side, Mr. Smith considered that a know- 
ledge of the characteristics of the flame and available fluxes was 
necessary, and that basic training should be on welding steel, 
brazing steel, bronze welding cast iron, and welding copper. Mr. 
Constantine thought that during training all processes should be 
seex*. but proficiency achieved only in one to begin with. He 
described a method of grading welders according to their 
proficiency, ranging from grade A men, who could handle all 
processes and produce high-grade work with them, to grade D 
men, who would tack-weld with a single method. 

Both speakers mentioned the lack of certificates of skill 
obtainable to welders; there was a present no universal scheme 
for qualifying welders, except in the heating and ventilating 
industry. 

In the discussion, a number of suggestions were made about 
points that must be borne in mind for successful training. On the 
question of who should carry out tests and issue qualifications, 
there were suggestions that the Institute should carry out this 
function. B.T. 


Wolverhampton— Reclaiming Plant and Machinery 

Mr. G. Gordon Musted gave a talk on ““How to Reclaim Plant 
and Machinery by Practical Welding Applications” at a meeting 
of the Branch on 20th November. In Mr. Musted’s recent ex- 
perience a large amount of fractured plant and machinery had 
been repaired using one or more of the welding processes, and 
valuable plant had been reclaimed and production had recom- 
menced with a minimum of interruption of production 
schedules. The type of repairs most commonly encountered 
were reclamations of heavy steel castings, preventive main- 
tenance by hard-surfacing, and reclamations by ‘make-do-and- 
mend’ repairs. 

An example of the first type was the repair of a worn steel 
camshaft weighing approximately 12 tons. This was reinforced 
in situ, using the main bearings for manipulation, a deposit 
thickness of } in. being built up with 4-in. low-hydrogen elec- 
trodes in the h.v. position, de-slagging between layers and not 
between runs. Continuous welding using two or more operators 
was thus possible, and the chance of transverse cracks adjacent 
to the initial runs considerably reduced. Another interesting 
repair was to a 30-ton steel casting in which a large D-shaped 
section about 9 in. thick had broken out. A new part was cut 
out from steel plate and built up to the required section by 
submerged-arc welding. The main casting was ‘buttered-up’ to 
give a double-U preparation for the final joint. 

Mr. Musted also described hard surfacing with cupro-nickel 
and bronze electrodes on cracked and pitted cast-iron press tools. 
Expensive panel beating used in repairing defective pressings 
vas eliminated in many cases by such methods. An interesting 
surfacing application uses a sprayed-on deposit, which is after- 
vards fused with the oxy-acetylene flame. A maximum of ¥ in. 
can be deposited by this method on to a chemically clean grit- 
lasted surface, and can increase the life of a pumpshaft from 
14 days to 11 months in some cases. A cast-iron spur gear was 
reinforced by a weld deposit from an electrode containing 
abrasion-resistant material, and its life greatly prolonged. 

In the third group of repairs, a combination of mechanical 
repair and welding was often effective. B.K.B. 


B.W.R.A. 
RE-ORGANIZATION OF THE COMMITTEE 
STRUCTURE 
By Dr. Richard Weck, Director of Research 


The fact that the work of Research Associations is directed by 
committees has often been criticized on the grounds that success 
in research depends primarily on ideas, and that these must be 
born in individuals and not in committees—and that research 
initiated and directed by committees is liable to suffer from a 
lack of initiative and inspiration. 

There is undoubtedly a risk that research workers who are 
directed by committees may lose their initiative, and that their 
inspiration may dry up if they rely too much on the guidance 
provided by committees. If this risk is clearly recognized it 
can be avoided, and committees can become a source of great 
strength in research, particularly when it is directed towards the 
solution of industrial problems. If the members of committees 
are chosen carefully each one of them becomes, as it were, a 
high-class unpaid consultant. 
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The committees’ task is to bring industry's problems to the 
attention of the research worker, and the results of his work back 
to industry in a form in which they can be used. Only a com- 
mittee organization which is flexible and capable of quickly 
absorbing new men and new ideas is likely to play its part 
effectively. 

The reorganization scheme now being put into effect in 
B.W.R.A. will avoid the possibility of research committees being 
set up as permanent standing committees. The Main Committees, 
to which the research committees have reported in the past and 
which had no specific terms of reference and were therefore 
permanent standing committees, have been dissolved. Research 
committees will in future be set up with very narrow terms of 
reference and for a limited period of operation—for three years 

after which they will be automatically disbanded unless in the 
final report to the Research Board they can make a very strong 
case for their continued existence. This will avoid the danger 
that work which is no longer productive of really important 
results is continued indefinitely. The elimination of the inter- 
mediate Main Committees will shorten the time required for 
results of research to reach member companies 

The secretarial work involved in any committee organization 
is considerable, and in the past this has been a heavy additional 
burden on the research staff. A new central committee secre- 
tariat has now been set up, which in order to economize in 
scientific and technical man-power is staffed entirely by women 
secretaries. This is an experiment which can only be successful 
if chairmen and members of committees give it their whole- 
hearted co-operation. 


CONTRIBUTORS TO THE JOURNAL 


A. Robert Jenkins, Managing Director of Robert Jenkins and 
Co. Ltd., of Rotherham, received his technical education at 
Sheffield University and served a pupil apprenticeship at Messrs. 
W. H. Allen, Sons, and Co., Ltd., Queen’s Works, Bedford. 
Following this, he joined the family business as Maintenance 
Engineer where after a few years he was appointed Works 
Manager and was made a director in 1934. Afterwards, he 
became Works Director, Deputy Managing Director in 1947, 
and Managing Director in 1953. He has twice visited the U.S.A.; 
once in 1947 to study manufacturing methods, and again in 
1950 as a member of the Specialist Welding Productivity Team. 

Mr. Jenkins has been a member of Council of the Institute of 
Welding since 1949 and was President in 1952/53. He is at pre- 
sent Chairman of Council of B.W.R.A. 


J. C. Needham, a member of the senior staff of the British 
Electrical and Allied Industries Research Association, was 
educated at the Friends’ School, Saffron Walden, and at-the 
Regent Street Polytechnic, where he gained an*Honours degree 
in electrical engineering in 1944. He then joined the E.R.A. and 
has since been engaged on research on the electrical character- 
istics of welding arcs. He is the author of a number of papers 
which include the detailed oscillographic analysis of the a.c. 
tungsten arc and the electrical properties of self-adjusting arcs, 
and has been granted patents both in this country and abroad. 
Mr. Needham is at present in charge of experimental researches 
at the E.R.A. in collaboration with the B.W.R.A. on character- 
istics of self-adjusting arcs. 





& . 
A. Robert Jenkins J.C. Needham 
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J. F. Robinson A. A. Smith 


J. F. Robinson was born in 1932 and is at present engaged on 
metallurgical research connected with nuclear power plant for 
Messrs. C. A. Parsons and Co., Ltd., Newcastle. He was 
apprenticed with Messrs. Richard Thomas and Baldwin Ltd., 
at their Redbourne works at Scunthorpe for three years from 
1948-51, and afterwards went to King’s College, Newcastle, 
where he took an honours degree in Metallurgy. Mr. Robinson 
has been working for four months on his present researches. 


A. A. Smith, Senior Research Officer in charge of the Welding 
Processes section of the B.W.R.A. at Abington was born in 1926 
and educated at Stratford Grammar School, London. After 
working in the laboratories of High Duty Alloys, he joined the 
Army where he obtained a commission in the Intelligence Corps 
and commanded a Field Security Section in Germany. He 
returned to Manchester University in 1948 where he obtained 
an honours degree in Metallurgy, and then joined the Research 
Department of the Wolverhampton firm of John Thompson Ltd. 

In 1953 he went to the B.W.R.A. to work on various aspects 
of inert gas metal-arc welding of aluminium and since 1954 has 
done liaison work with the E.R.A. on arc characteristics. Mr. 
Smith took up his present position in September, 1956. 


NEWS FROM INDUSTRY 
New Rules for Ship Steel 


The Committee of Lloyd’s Register, on 13th June last, adopted 
new Rules for ship steel for welded construction. These Rules, 
which are published in Chapter P, Section 5 of the 1957 edition 
of the Rules for Steel Ships, include a detailed specification of 
acceptance tests for steel of this quality and replace the provision 
previously contained in P 403 of the 1956 Rules. 

Under the normal procedure, these Rules would only apply to 
steel of this quality required for new ships the main structural 
plans for which are approved on or after 13th December, 1957. 

In the abnormal conditions which now exist, however, the 
delay between approval of plans and delivery of ship may 
amount, in many countries, to three or four years. 

In these circumstances, the Committee of Lloyd’s Register 
made a decision of considerable importance to shipbuilders, 
shipowners and steel manufacturers. They decided that, without 
regard to the date of plan approval, all steel presented for test 
after 30th September, 1958, for parts of classed ships to which 
P 5 would normally apply, will be required to comply with the 
new Rules. 


New British Standards 


Chromium-—Nickel Austenitic Steel Electrodes for Manual Arc 
Welding (BS.2926: 1957) 


The need for this new Standard was felt after the publication 
of the two standards dealing with covered electrodes for the 
metal-arc welding of mild steel and medium high-tensile struc- 
tural steel—BS.639 and BS.2549. (Another “electrodes” stan- 
dard, BS.2493, is at present being revised to meet the need for a 
wider range of the lower-alloy steel electrodes). 

In Part 1, “General Requirements” are dealt with. The 
method of identifying the electrodes is based on eight code 
letters, each of which relates to a specified chemical composition 
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of the deposited weld metal. The suffix L or R is used in con- 
junction with the code letters, according to whether an electrode 
is suitable for d.c., or a.c. and d.c., welding. 

The marking clause requires each bundle or package of elec- 
trodes to be clearly marked with eight separate items of in- 
formation—the ‘code marking’ and a certification of the elect- 
trodes’ conformity to the standard being among them. 

Among other subjects dealt with in Part | are: size of 
electrode; packing and storage; and initial and production 
control tests. 

Part 2, “Test Requirements”, is fully illustrated and contains 
detailed test methods in respect of chemical composition and 
mechanical properties. 

Work carried out in the United States was taken into account 
during the preparation of the standard. 


Spot Welding of Light Assemblies in Mild Steel (BS.1140:1957) 


This is a revision of the British Standard published in 1943 
and first revised in 1946 (one of the essential features of the 1946 
revision was the deletion of the reference to Class A and Class B 
welding, according to the type of machine used). 

The new publication now specifies revised requirements for 
the parent metal and for the welding pressures, and more 
guidance on machine settings has been provided. 

The standard gives requirements for parent metal, edge condi- 
tion, form of components, the types of electrodes to be used, and 
for routine tests and inspection. 

Appendixes provide notes on welding plant and recom- 
mendations for minimum initial tip diameter and welding 
pressure; there is also a graph showing the range of conditions 
for spot welding two equal thicknesses of mild steel. 

Copies of these Standards can be obtained from the British 
Standards Institution, 2, Park Street, London, W.1. Price 
4s. 6d. each. 


Edge Preparation for Welding 

A new light-weight flame planing head, developed by 
Hancock and Co. (Engineers) Ltd., has as a novel feature a coil 
spring counterbalance to support the weight of the head as it 
rides the plate surface on its air-cooled guide wheel. The coil 
spring housing can be seen in the photograph. The new head 
retains the features of individual height adjustment of burners 
in the line of cut, and of air cooling of the centre nozzle. It 
combines rigidity with lightness, making for sensitive response 
to any irregularity of plate surface, and giving accurate edge 
preparation for welding. 





Light-weight flame planing head 
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CORRIGENDA 


It has been pointed out that in the paper by P. H. R. Lane on 
the Welding of Low-alloy steels in the January issue* the last 
two lines in the right-hand column of p. 39 have become 
transposed with the two lines preceding. Accordingly, the text 
of the last four lines of the column should read as follows: 


0-5°% proof stress of 30 tons/in*, and at the same time 


permit a variation of carbon content over a range of 


0-04°, which would be desirable for ease in steel- 

making. A composition range based on steel A was 

Also on p. 41, the last word in line 26 of the left-hand column 
should read ‘Three’ and not ‘There’ as printed. 


* Brit. Welding J., 1958, vol. 5, pp. 39, 41 
DIARY 

3rd February—INstiruTe oF WELDING (East Midlands Branch) 
“Brains Trust’—Victoria Station Hotel, Nottingham, 
7.15 p.m 

3rd February—Instirute oF WetpinG (Sheffield Branch) 
‘Argon-Arc Welding of Non-Ferrous Metals”, by Dr. D. C 
Moore—Grand Hotel, Sheffield, 7.15 p.m 


Sth February 
‘Methods of Joining Titanium and its 


INSTITUTE OF WELDING (Manchester Branch)}— 
Alloys”, by Dr. D. C. 


Moore—Reynolds Hall, College of Technology, Manchester, 
7.15 p.m. 

6th February—InstrruTe oF WELDING (Eastern Counties 
Branch)—“Brains Trust’—Norwich City College, Ipswich 
Road, 7.30 p.m 

6th February—INstTiTuTE OF WELDING (North Eastern (Tyne- 
side) Branch)—“The Development of the Welding of Light 
Alloys”, by P. T. Houldcroft—Mining Institute, Neville Hall, 


Newcastle upon Tyne, 7 p.m. 
6th February—INSTITUTE OF WELDING (West Wales Branch) 
“Health and Safety in Welding’, by Dr. Body and C. 
Humphreys—Swansea Technical College, 7 p.m. 
6th February—INSTITUTE OF WELDING (South Western Branch) 
“Welding in Warship Construction”, by W. R. Seward— 
Radiant House, Pipe Lane, Bristol, 7.15 p.m. 
lith February—INstiruTe oF WeLDING (Liverpool Branch) 
“Welding of Aluminium in Ships’, by H. D. Archbold 
College of Technology, Liverpool, 7.15 p.m. 
llth February—INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
N Scor_anp—*“Welded Ship Construction—Records of 
Common Fractures and their Causes”, by G. M. Boyd— 
39, Elmbank Cres., Glasgow 
12th February—INstiTuTE OF WELDING (North London Branch 
Slough Section))—** Wide Scope Oxy-Acetylene Welding’’, by 
H. Braddle—Community Centre, Slough, 7 p.m. for 
30 p.m 
13th February—INstITUTE OF WELDING (South London Branch) 
‘Modern Resistance Welding”, by P. J. E. Heath—S4, 
Princes Gate, London, S.W.7, 6.30 p.m, 
13th February—InstrruTe oF WELDING (Eastern Counties 
Branch)—‘Brains Trust’—Davey, Paxman and Co. Ltd., 
Britannia Works, Colchester, 7.30 p.m. 
14th February—INsTITUTE OF WELDING (Birmingham Branch)— 
Reclamation of Castings by the Welding Process”, by G. C 
Musted—Grand Hotel, Birmingham, 7.30 p.m. 
18th February—INstiruTE OF WeLDING (Leeds Branch)— 
“Welding in the Atomic Energy Field”, by J. McLean and 
\. Forrest—Great Northern Hotel, Leeds, 7.30 p.m. 
19th February—INstiruTE OF WELDING (Wolverhampton 
Branch)—“Engineering Design for Nuclear Power Stations”, 
by W. L. Partridge—Holly Bush Hotel, Wolverhampton, 
7.30 p.m. 
19th February—INnstiruTE OF WELDING (West of Scotland 
Branch)—*“The Oil Industry”, by D. G. Garner. 
19th February—INsTITUTE OF WELDING (North Eastern (Tees- 
side) Branch)}—“‘Ten Years Forward—Impact of Welding on a 
Shipyard”, by E. H. Vie—Cleveland Scientific and Technical 
Institution, Middlesbrough, 7.30 p.m. 
19th February—Instirute or Fuet—**Nuclear Engineering— 
Some Difficulties in the First Ten Years”, by Sir Christopher 
Hinton—Institution of Civil Engineers, London, S.W.1, 
5.30 p.m. 
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20th February—INstTiITUTE OF WELDING (Southampton Branch) 
—"Interesting Applications of Aluminium Fabrication by 
Welding”, by H. C. Constantine—Southampton Technical 
College, 7 p.m. 
26th February—INstituTe OF WELDING (North London Branch) 
-* Distortion”, Three Viewpoints and Discussion—54, 
Princes Gate, London, S.W.7, 7 p.m. for 7.30 p.m. 
3rd March—INstiTuTE OF WELDING (Sheffield Branch) 
Trust—Health and Safety in Welding” 
Sheffield, 7.15 p.m. 
Sth March—INsTITUTE OF WELDING (East Wales Branch) 
on ent Developments in Welding and Cutting Processes”, by 
r D. Hucklesby—S. Wales Institute of Engineers, Cardiff, 
7 p.m. 


“Brains 
Grand Hotel, 





CLASSIFIED ADVERTISEMENTS 


Situations Vacant 
have been retained 
to advise on the 


M S L appointment of a 
WELDING ENGINEER 
for a well established company in the Midlands specializing in the 
design and manufacture of pressure vessels and boilers. The company 
has invested considerable capital in rebuilding its works, which is now 
one of the most modern of its kind in the country 
The welding engineer will advise on the design of preparations for 
welded joints and will control the work of the department. He will also 
be responsible for radiographic and mechanical testing, and will direct 
the metallurgical laboratory. Candidates must have a degree in 
engineering or metallurgy followed by responsible experience of 
welding Class I pressure vessels. They must be familiar with submerged 
and visible arc machine welding, hand electrical welding, gas welding, 
and inert gas shrouded arc welding. Starting salary at least £1500 with 
prospects of rapid advancement. Preferred age 30-37. 
No information will be disclosed to our clients until candidates 
know their identity and have given permission after personal dis- 


cussion. Please send brief details in confidence, quoting reference 
HW 676 to R. A. Denerley 


MANAGEMENT SELECTION LIMITED 
i7 Stratton Street, London, W.1 


METALLURGICAL RESEARCH 


A qualified metallurgist is required at the Birmingham Laboratory of 
THE MOND NICKEL COMPANY LIMITED, to study the welding 
response of ferrous and non-ferrous materials. The work will involve 
primarily long term investigations aimed at the development of new 
and improved materials, and publication of results will be encouraged. 
The applicant should have research experience, but not essentially in 
the welding field. 

Salary will be in accordance with experience and qualifications. 
Pension and Assurance schemes are in operation, and, in appropriate 
cases, assistance can be given for housing. Applications which will 
be treated in confidence, should give details of age, qualifications, and 
experience, and should be addressed to The Manager, Development 
and Research Department, The Mond Nickel Company Limited, 
Thames House, Millbank, London, S.W.1. Mark envelope “Confi- 
dential L.50’. 


DEVELOPMENT ENGINEERS 


Metropolitan-Vickers Electrical Co. Ltd., have vacancies in their 
Trafford Park Works, for development engineers to work on problems 
concerned with submerged arc welding and the design of welding 
electrodes. 
Applicants are requested to write, giving qualifications, experience, 
and salary required and quoting reference G.10 to: 
Personne! Manager, 
Metropolitan-Vickers Electrical Co. Ltd., 
Trafford Park, Manchester 17. 


Institute of Welding requires Assistant to Technical Officer. Applicants 
should have a recognised qualification in metallurgy or engineering 
and interest in technological education and technical information 
work. Full details Som the Secretary, 54 Princes Gate, Exhibition 
Road, London, S.W.7 


Welding Engineer required by Saunders-Roe (Anglesey) Limited, 
Beaumaris, Anglesey, North Wales. Applicants must have all-round 
practical experience of modern welding techniques as applied to steel 
and aluminium fabrications, including pressure vessels. Superannua- 
tion scheme: Housing accommodation will be available. Full details of 
experience and qualifications to the Personnel Manager at the above 
address. 
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Current 


WELDING LITERATURE 





Book Reviews 
Additions to the Instivute Library 


Trade Publications 


CONTENTS OF PERIODICALS RECEIVED 


THis seEcTION is intended to give a survey of the current 
welding literature received by the Institute of Welding 
Library, The contents lists are not exhaustive; only the main 
articles in w elding journals are listed, and reprints from other 
journals and short notes are generally excluded. In addition, 
welding articles from other periodicals are listed. Abstracts of 


welding literature are given in the Bibliographical Bulletin of 


Welding and Allied Processes, published by the International 
Institute of Welding, and details of this may be obtained from 
the Secretary of the Institute of Welding. 


Arcos (Belgium), 1957, vol. 34, No. 137 
A New Process (‘Arcosarc’) for Automatic CO,-Shielded 
Welding, F. Danhier. (3555-3567.) 


Welding by Means of Large-Diameter Basic Electrodes, 
F. Rhim. (3569-3572.) 


Resurfacing of Rolling-Mill Cylinders by Automatic Welding, 
R. Sadoine. (3573-3584.) 


Canadian Welder, 1957, vol. 48, October 
Automatic Welding Aluminum, H. J. Nichols. (12-14.) 
Canada Leads in Welding Education. (20—21.) 
Rebuilding Crawler Tracks. (22—23.) 


Canadian Welder, 1957, vol. 48, November 
The Resistance Welding Processes, H. J. Nichols. (14-16.) 
Automatically Programmed Resistance Welder. (18.) 
Spot Welding Aluminum and its Alloys. (20-22.) 
Resistance Welding Controls. (24—26.) 
Resistance Welder Maintenance. (28—29.) 


Ciencia y Tecnica de la Soldadura (Spain), 1957, vol. 7, 
November—December. 
Fatigue in Automotive Components, Z. Garcia Martin. (16 pp.) 
Works Organization for Welded Fabrication with a view to 
Increasing Productivity, G. Repeczky. (14 pp.) 
Welding Productivity in Japanese Shipbuilding, M. Yoshiki 
and H. Kihara. (23 pp.) 
Journal of the Japan Welding Society, 1957, vol. 26, 
October 
Construction of a Box Girder Highway Bridge, I. Sakakibara 
and H. Morii. (609-612.) 
Study of the Weldability of Higher-Strength Structural Steel of 
Tensile Strength 60-70 kg/mm*, H. Kihara. (612-621.) 
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Journal of the Japan Welding Society, 1957, vol. 26, 

November 
Weldability of Higher-Strength Structural Steels with Tensile 
Strength 60-70 kg/mm’, Pt. 4. H. Kihara. (670-674.) 
High Speed Films showing Spray-Type Transfer in Heavy- 
Current Arc Welding, K. Ando and M. Hasegawa. (675-679.) 
Burn-off of Filler Wire and Transfer of Metal in Inert-Gas Arc, 
Pt. 1. A. Uchida and K. Hagiwara. (679-686.) 
es Conduction in Spot Welding, Pt. 1. M. Kotera. (686- 
693.) 
Mechanical Properties of Weld Metal, Pt. 2. T. Matsuhara and 
H. Nakayana. (694-702.) 
CO,-Sekiguchi’s Filler Wire Arc Welding Process, Pt. 5. 
H. Sekiguchi and I. Masumoto. (702-707.) 
Continuous Cooling Transformation Diagraras of “Wel-ten’ 
Steel, and Properties of Weld Heat-Affected Zone, Pt. 3. 
H. Sekiguchi, M. Inagaki, and M. Sato. (708-714.) 
Strength of Brazed Joints, T. Yoshida. (714—718.) 
First Recovery of the Notch Toughness of Steels by Tensile 
Prestrain at Room Temperature, S. Goda. (718—723.) 


Lastechniek in de Praktijk (Holland), 1957, vol. 23, 
December 
Nickel Parts for High-Pressure Acetylene Gauges. (294.) 


The Place of Welding in the Metal-Working Industries, 
F. L. Hartong. (295-303.) 


Rivista Italiana della Saldatura (Italy), 1957, vol. 9, 
September—October 


Further Results on the Dynamic Behaviour of a.c. Arc Welding 
Machines, A. Carrer. (201-—226.) 


Smit Mededelingen (Holland), 1957, vol. 12, No. 3 
Welded Construction in the Building of Bridges at Rotterdam, 
M. A. Hartman. (74-78.) 

Welded Bridges in Holland, A. Zandveld. (78-90.) 

The Construction of Welded Bridges in Germany, K. J. 
Schaeffer. (91-97.) 

Fatigue and Welding, H. Thomas. (97-—107.) 

The Influence of the Welding of Aluminium Alloys on their Use 
in Shipbuilding, H. E. Jaeger. (107-115. 

a of Cracks in) Hardsurfacing, Pt. 2, P. G. Weeber. 
(116-123.) 


Schweisstechnik (Austria), 1957, vol. 11, November 
Materials Testing for Welding, M. Pfender. (121-—136.) 
Vienna Town Hall, F. Masanz. (136—140.) 
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Schweissen und Schneiden (Germany), 1957, vol. 9, 
December 
The Revolutionary Influence of Welding on Technology, 
K. Kléppel. (503-—512.) 
Influence of Gases in the Arc Welding of Steel, J. D. Fast. 
($12-517.) 
Influence of Hydrogen on the Properties of Welds, P. C. 
der Willigen. (517-521.) 
Metallurgical Reactions between Brazing Alloys and Base 


Materials, with Regard to Design for Brazing, J. Schatz. 
(522-530.) 


van 


Soudure Electrique (Belgium) 
Non-Destructive Examination of Welds. (3—13.) 
Initial Setting of Electronic Equipment by means of a Neon 
Valve, M. Félix. (15-17.) 
Textbook of Resistance Welding (excerpts), Pt. |. f 
and E. Lheureux. (19-32.) 


J. Belotte 


Soudage et Techniques Connexes (France), 1957, vol. 
11, November—-December 
Application of Welding in the Construction of Stainless-Steel 
Railway Wagons, M. Thomas. (345-351.) 
Examples of Electric Resistance Welding applied to Metal 
Frame Structures, J. M. Labessoulhe. (357-367.) 
Metallurgy of Welding Certain Austenitic Heat- and Corrosion- 
Resisting Alloys, A. H. Waterfield and R. P. Culbertson 
(373~380.) 
Welded Road Bridge at Ivry-sur-Seine. (380—382.) 
Welded Frames for the G2 and G3 Nuclear Reactors at Mar- 
coule, J. Doat. (391-396.) 
Heat-Affected-Zone Cracking in Air-Hardening Alloy Steels, 
H. Sekiguchi and T. Kobayashi. (397-403.) 


The Welder, 1957, vol. 26, July-September 

Thick Plate Welding for Nuclear Energy Applications. (66-—71.) 

Welded Construction in a New Dry Dock on the River Tyne, 

4. Storrar and J. B. Armstrong. (70-75.) 

4 Remarkable Welded Repair to a 3000-ton Press. (76-80.) 
Varilna Tehnika (Yugoslavia), 1957, vol. 6, No. 2 
Development of Welding in East European Countries, | 

).) 
X-Ray Examination of Welds, E. Motnik. (30-32.) 
Repairing of Rail Cars by Welding, S. Skerjanec. (33-—-36.) 


Knez 


ne Engineer (U.S.A.), 1957, vol. 42, October 
Best Automatic d.c. Source? (34-38.) 
Welding Hazards, T. B. Jefferson. (39-41.) 
Brazing for Greater Productivity, Pt. 1. G 
R. D. Wasserman. (42-44.) 
Acetylene —a Servant, not a Menace, L. A. Morehead. (45-48.) 
High-Speed Brazing with Ceramic Jigs, H. Schwartz. (50.) 
Filler Metals for Joining, O. T. Barnett. (56-61.) 


M. A. Blanc and 


Veldine Engineer (U.S.A.), 1957, vol. 42, November 
Brazing for Greater Productivity, Pt. 2. G. M. A. Blanc and 
R. D. Wasserman. (34-36.) 

Flame Spray Fights Wear and Corrosion, H. Todd. (37-38.) 
Factors that Shape the Weldability of Aluminium Busbars, Pt. |. 
39.42.) 

For High Performance in Resistance Welding: a New Relay 
Type, E. B. McDowell. (46-50.) 


Welding Journal (U.S.A.), 1957, vol. 36, December 
Leak Prevention—through In-Process Leak Detection, R. P. 
Turner. (1167-1171.) 

Heat-Exchanger Fabrication, P. Patriarca, G. M. Slaughter, 
and W. D. Manly. (1172-1178.) 
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The Proximity Limit Switch—a versatile too! for industry, 
R. C. Mierendorf. (1179-1183.) 

A Satisfactory Base-Quality Steel for both Riveted and Welded 
Structures, J. O. Jackson. (1184—1194.) 

X-Ray Diffraction for Residual Stress Measurements of Re- 
oo Weldments, E. H. Kinelski and J. A. Berger. (513s 

517s.) 

Experimental Welding with the Cone Arc, R. E. Monroe and 
D. C. Martin. (518s—520s.) 

Effect of Specimen Geometry on Charpy Low-Blow Transition 
Temperature, G. M. Orner and C. E. Hartbower. (521s 

527s.) 

A New Nickel-Boron Phase Diagram for Brazing-Alloy De- 
velopment, G. S. Hopkin III. (S528s-—530s.) 

Studies of the Weld Heat-Affected Zone of T-1 Steel, F. f 

Nippes, W. F. Savage, and R. J. Allio. (531s—540s.) 

Selection of Welding-Rod Chemical Composition through 
Mathematics, G. H. Bohn. (541s—549s.} 

Stresses in a Pressure Vessel with Circumferential Ring 
Stiffeners, F. W. Catudal and R. W. Schneider. (550s—552s.) 


Zeitschrift fiir Schweisstechnik (Switzerland), 1957, 
vol. 47, December 
Costs of Gas Welding and Cutting. (310—311.) 
Flame Bevelling, Modern Means of Preparation, Pt. 2, J 
(311-312, 317-325.) 


Prat 


Zvaranie (Czechoslovakia), 1957, vol. 6, September 


Oxy-Cutting of Low-Alloy Steels, R. Rohan. (258-265.) 
Weldability of Brass, Pt. |, V. Orszagh. (265-270.) 

Chemical Polishing of Joints in Light Metals for Metallo- 
graphy, P. SlySko. (270-275.) 

Resistance Butt Welding Circuit, K. Jarsky. (275—279.) 


Zvaranie (Czechoslovakia), 1957, vol. 6, October 
Influence of Resistance in Cold Spot Welding, and Effect of 
Pickling on Weld Quality, M. Benes. (291-297.) 

A Case of Rapid Transformation in Resistance Welding of 
Carbon Steel, |. Hriviak. (297-299.) 

Development of Welding Wires for Gas Welding, with Alloying 
Additions in the Covering, F. Erdmann-Jesnitzer and J 
Wodara. (299-—304.) 

Weldability of Brass, Pt. 2, V. Orszagh. (305-306.) 


Other Journals 
How to Get Stronger Al-Fe Bonds, S. Storchheim. (/ron Age 
(U.S.A.), 1957, vol. 180, Dec. 5, pp. 136-138.) 
Welding Applied to Diesel Locomotive Construction, K. S 
Black. ( Australasian Engineer, 1957, vol. 50, Oct., pp. 72-76.) 
Modern Trends in Welding Equipment and Processes in Britain, 
J. Latimer. (New Zealand Engineering, 1957, vol. 12, Nov., 
pp. 397-402.) 
New Ultrasonic Welder Takes on Production Job. (/ron Age 
(U.S.A.), 1957, vol. 180, Nov. 28, pp. 86-87.) 
Welding Rod Trends, R. K. Lee. (Sree! (U.S.A.), 1957, vol 
141, Dec. 9, pp. 180, 183, 186, 189, 191.) 
Friction Welding (abstract). (Engineers’ Digest, 1957, vol. 18, 
Nov., pp. 490-491.) 
Why Radiograph Welds— R. M. Robb. (New Zealand Ene., 
1957, vol. 12, Sept., pp. 319-322.) 
Lake Hawea Control Radial Sluice Gates, C. W. Cook. (New 
Zealand Eng., 1957, vol. 12, Oct., pp. 353-356.) 
Solder Aluminum without Flux. (/ron Age (U.S.A.), 1957, 
vol. 180, Nov. 7, p. 133.) 
Setting Welded Structures, F. C. Evans. (Aircraft Production, 
1957, vol. 19, Dec., pp. 488-489.) 
Tips on Welding Thick-Walled Vessels. (/ron Age (U.S.A,), 
1957, vol. 180, Nov. 14, pp. 162-164.) 
Tips on Welding Stainless, H. F. Reid, Jr. (Jron Age (U.S.A.), 
1957, vol. 180, Dec. 26, pp. 58-60.) 
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Safety, fast and last! 


Those are the three virtues you'll find in a Norton BD Reinforced Wheel. Safety in the double 


reinforcement—a strong integral fabric, and a tough safety web moulded into the hub side. 
Fast clean cutting without spalling or loading. Lasting quality that gives the maximum work 
per wheel. 

Use Norton BD Reinforced Wheels for cutting down, cleaning up and bevelling, 

rough grinding and finish grinding on welds. These versatile wheels last 

longer, cut faster, provide the greatest safety. Ask your Norton or Alfred 


Herbert representative about them—or write to us at Welwyn Garden City. 


NORTON ABRASIVES NORTON GRINDING WHEEL CO., LTD. 


WELWYN GARDEN CITY, HERTS. Telephone: WELWYN GARDEN 4501 (10 Lines) Enquiries also to: ALFRED HERBERT LTD., COVENTRY 


NGW 680/135 
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To Photographic and Radiological Departments: 


Anew PURHYPO 


Silver Recovery Unit 







PURHYPO -~ for many years recognised as the simplest 
method of regeneration of the photographic fixer and 
recovery of silver — now comprises a new and simpler 
equipment. 














* recovers the silver 





Just fix the rectifier unit on a wall conveniently near the fixing tank, 





¥ saves fixer 





and suspend the electrode assembly in your tank. If fixing space is too 









small, the electrodes can be fitted after working hours, or in a separate *¥ improves fixing time 


reserve tank to which exhausted hypo is transferred for regeneration. 
The deposit on the stainless steel strips of the cathode can be easily 


removed in the form of flakes of pure metallic silver. 








Sole Agents for British Commonwealth: 


D. PENNELLIER & COMPANY 
LIMITED 


28 HATTON GARDEN, LONDON, E.C.1 
Telephone: HOLborn 4064 CHAncery 4681/2 





















For increased efficiency.... 


Lalli 
put it oh X Castors 


‘Putting it on castors’ is certainly the way to speed 
things up, and to an amazing extent when the right 
castors are used for the job. The varied uses of Flexello 
castors are virtually limitless. They are used in nur- 
series and steel mills, aircraft plants and beauty par- 
lours. Flexello has the range, the service and facilities 
to make castors the true servant of the production 
manager, the hospital matron, the restaurant mana- 
ger or the storekeeper. Closest inspection, superior 
design and up-to-date production methods have made 
Flexello the largest 
castor manufac- 
turer in Europe. 





~~ e t 


ee. Be CONSTANT QUALITY 
> CASTORS 


Only a very small section of our range is 

shown here. Please send for catalogue No. 
i 156 B.W.J. or a technical representative for 
| industrial advice. 


PLEXELLO CASTORS & WHEELS Ltd. SLOUGH, BUCKS. Tel. Slough 24121 
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X-RAY EYES for 


Europe’s most modern pipe plant 



















Welded steel piping of up to 40-inch diameter is now being produced 
in Europe’s most up-to-date plant, at South Durham Steel & Iron 
Company’s new Stockton works. Quality of the weld is vital in 

this type of work where the most stringent specifications must be met 
For this exacting task the plant has been equipped with Newton 
Victor Raymax 250 industrial X-ray units. The Raymax 250 

is specially designed for industrial radiography in factory, 
foundry, laboratory, or on open construction sites. Its 
selection for this modern plant is a further proof of its 
reliability and convenience in handling continuous 
non-destructive test work. 


‘ Please write for details of 
this and other Newton 
Victor industrial X-ray 
equipments. 





Newton Victor 


LIMITED 


132 Long Acre, London, W.C.2 


X-Ray Sales Department of METROPOLITAN -VICKERS 


TR A 





An A.E.1. Company 
V/X 706 
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Lowey Cott? 
withun Nour grag / 


Here is the new ‘Cromp-Arc’ stud welding handtool. Its size? 
Only 7 in. long. Its weight? 3} lb. without cables. /t is the small- 
est handtool capable of welding both ferrous and non-ferrous studs 
up to } in. diameter. 

This equipment can be used wherever small-diameter studs, 
pins and attachments must be welded quickly. The small size 
of the handtool, designed specially for the light engineering 
industries, allows the operator to make welds even in the most 
confined spaces. 

The Crompton Parkinson Stud Welding Organisation is at your 
service. Technical representatives are ready to discuss without 
obligation how this new equipment might solve some of your 


manufacturing problems. 


CROMP-ARC 


STUD WELDING 
HANDTOOL 





STUD WELDING ORGANISATION 
s 
(rompton Parkinson 


timiteD 


<P 


1-3 Brixton Road, London, 8.W.9. Telephone: Reliance 7676 
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FASTER WORK ! 50”, to 100°, faster 
than with normal mild steel electrodes. Easier, 
too! Slag ifts off, eliminating usual chipping 
and brushing. 














BETTER WORK! Leaves a smooth 
even weld with perfect surface finish, and 
excellent mechanical strength. 


al I 


x iF 





AT LESS COST! Saves all the way— 
Photograph of welded wagon door by courtesy of - 
Metropolitan-Cammell Carriage & Wagon Co. Ltd. , Saltley means more output, and a better job all round. 
Birmingham . . —_ 
. Reduces work before finishing to a minimum. 











PHILIPS IRON POWDER ELECTRODE 


The C23 electrode is specially designed for Chief characteristics of the electrode are: 





alters 


very fast welds in the downhand, standing High rate of metal deposition. 
PHILIPS | fillet, and horizontal-vertical positions. Extremely easy slag removal. 
E | Ease of welding. 
: & Immediate striking and re-striking of the arc. Excellent weld appearance at all speeds. 
Y Flexible length of deposit; e.g. a standing fillet Suitable for COR-TEN Steel. 
can be made with one electrode within the —_ ova to o_— impurities than normal 
range 10°—30” in length at the same current WER SEE! CIGCEYOGES. = 
Philips Electrical Ltd ong. ; . pete ba ed bin abot ake: 
| Industrial Products Division D a C23 may be used on either A.C. or 
Century House - Shaftesbury Avenue _ 
London - WC2 


(P10277) 
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FROM BRITISH Ox YGEN— FOR BRITISH INDUSTRY 


Always ask for 


“ALDA"” 


rods and fluxes 


BRITISH OXYGEN MAKE ALDA 
—the famous range ot rods 

and fluxes. And a complete range 
of welding accessories— 

from coggles and gloves 

to friction lighters and wire brushes. 
ALWAYS ASK FOR ALDA. 


Write tor tully illustrated literature. 


BRI TtisSHuw OXYGEN 


British Oxygen Gases Ltd., Industrial Division, Spencer House, 27 St James's Place, London, S.W.1. 


Outside beck cover 





